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SIGNAL SUBCOURSE 334 


TELEPHONE CIRCUIT CONDITIONING 


INTRODUCTION 


To effectively condition telephone circuits, you need to know the 
characteristics of communications systems as well as the characteristics of 
the communications circuits over which these signals will pass. You will 
need to know the characteristics of the various pieces of equipment which 
make up the circuits and the type and operation of test equipment used in 
Circuit conditioning. 


This subcourse is designed to build on the skills and knowledge you 
already possess so that you will be able to perform as a_e circuit 
conditioner, should the need arise. 


STUDENT ACTIONS 


Specific objectives for each lesson are listed at the beginning of each 
lesson. The following is a brief summary of these objectives: 


1. To enable you to use the formulas necessary in the calculation of 
certain impairments. 


2. To enable you to determine the effects of and the corrective actions 
taken to reduce the effects of amplitude vs frequency distortion and 
envelope delay distortion. 


3. To enable you to identify technical parameter codes and to use the 
proper test description numbers for each parameter code. 


4. This subcourse is comprised of three lessons and an examination. A set 


of lesson objectives for each lesson is contained within the individual 
lesson module. The lessons are as follows: 
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You are urged to finish this subcourse without delay; however, there is no 


specific limitation on the time you may spend on any _ lesson 
examination. 
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You may keep the text when completed. 
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LESSON 1 
NOISE AND INTERFERENCE MEASUREMENTS 


SCOPE in ctyed opie feats bs oe aye cerietiec etd. dad eer haa ate ated Block diagrams of equipment 
arrangement to test for white noise, 
impulse noise, harmonic’ distortion, 
crosstalk, single-tone interference, 
terminal impedance, and jitter; 
interpretation of test results. 


CREDIT HOURS ..... 00: eee eee eee ee es 4 

TEXT ASSIGNMENT ..... 0c eee eee eee es Attached Memorandum, para 1-1 thru 1- 
9; appendix A 

MATERIALS REQUIRED .......000 00 ee eeeae None 

SUGGESTIONS. cnc se 2 ie tas eee eee steele DCAC 300-175-9, and DCAC 310-70-1, Vol 
II, Supl 1 may be useful as 
references. 


LESSON OBJECTIVES 
When you have completed this lesson, you should: 


1. Know that weighting results in change of level at various frequencies 
in the voice range. 


2. Be able to distinguish between block diagrams for test of idle circuit 
noise and impulse noise. 


3. Be able to calculate the signal-to-noise ratio from meter indications. 
4. Be able to select test instruments for use in tests of white noise, 
impulse noise, harmonic distortion, crosstalk, single-tone interference, 


terminal impedance, and phase jitter. 


5. Be able to calculate terminal impedance and longitudinal balance from 
given meter indications. 


6. Be able to calculate degrees of phase jitter from oscilloscope 
patterns. 


ATTACHED MEMORANDUM 


1-1. Idle Circuit Noise Test. The idle circuit noise test measures the 
total noise on a line from which the signal has been removed and the line 
terminated in a matching resistor. Any level reading thereby represents the 
noise on the circuit. The total noise includes impulse and random noise, 
together with harmonic distortion, crosstalk, and intermodulation products. 
Impulse and random noises are generally developed along the line (or radio 
transmission path), while the remainder of the total noise, called white 
noise, is developed within equipment items such as channels of telephone 
carrier terminals, line amplifiers, and radio transmitters and receivers. 
White noise is usually measured on an RMS voltmeter because of its 
relatively constant value. Impulse noise, on the other hand, is handled 
differently because of the short-term duration of noise peaks, sometimes too 
short to register on a noise-measuring set. Harmonic distortion is also 
measured as a separate quantity. The idle channel noise test produces a 
figure that is the lowest level of all noise encountered in a working system 
when that system is correctly prepared for the idle noise test with all 
Signals removed. 


a. Test arrangement. A block diagram of a typical test arrangement for 
idle circuit noise is shown in figure 1-1. Test equipment includes a 
terminating resistor at one end of the line and Noise-Level-VU Measuring Set 
Model TTS-37B at the other end. The TTS-37B shown in figure 3 of appendix 
A, section IV, is designed to measure RMS values of the total noise. Tests 
are made in each direction of transmission (A to B, then B to A). 


Station A (Sending) Station B (Receiving) 


TERMINATING 
RESISTOR JACK 


600 SWITCH 
ons | —>—Cwie__,, 


Circuit Under Test 


NOISE-LEVEL-VU 
MEASURING SET 
MODEL TTS 37B 


NORMAL 
EQUIPMENT 


Figure 1-1. Idle circuit noise test, block diagram. 


b. Recording of test data. The readings obtained in the test are 
recorded in the idle circuit noise data sheet, figure 1-2. The allowable 
noise and noise frequency weighting are taken from the DCA test parameters 
specified for the circuit under test. The DCA parameter identification is 
entered in DCS Circuit Type. 


c. Performing the test. 


(1) Terminate one end of the line in an accurate resistor (600 ohms, 
+1%). If the line is either left open or is shorted, the impedance mismatch 


that results causes noise on the line to rise to a higher value. The 
termination is accomplished by patching the sending line jack to the 
resistor jack. This automatically removes the signal from the circuit, 


makes the circuit idle, and terminates the line. The meter reading at the 
receiving end of the line represents only noise, since the signal has been 
removed. 


(2) Patch the receive end of the line to the LINE jack of the TTS-37B 
with the INPUT control set to TERM 600, and select the weighting specified 
by the parameter designated by the TSO. Weighting switch positions include 
C MSG, HIGH PASS, 3KC and 15KC. When C MSG weighting is selected, the noise 
reading will be dBrnc. 


(3) Read the noise level on the DBRN scale of the meter by adjusting 
the SENS controls. Enter the readings on the form (figure 1-2). 


Reporting Station 


Sending Station 


Test Equip Used: 


Receive Station 


Send Station 


Test Data: 


Date 


(Receiving Station) 
(Name of Station) 


(Name of Station) 


Name & Date Last Rated 
Ser No MFR Calibrated Accuracy 


eens ed 
S aasnSEEIEEEEEEEEEEDEEEEEEeeenee 


DCS Circuit No DCS Circuit Type 


Noise Frequency Weighting 


SIGNATURE OF TESTER COMMAND AND TELEPHONE NO. 


Figure 1-2. Idle circuit noise data sheet, sample. 


(4) Noise parameters Z1 through Z3 require determination of noise 
characteristics in terms of signal and noise reference levels. DCA gives 
the ratio in decibels as (S+N)/N. To obtain this decibel ratio, two 
readings must be taken. To read S+N, transmit a test signal and measure the 
received level on the VU-DB scale of the TTS-37B in dBm. This measured 
level contains the combination of signal and noise. To read N, terminate 
the send line (thus removing the test signal) and read the received noise 
level on the DBRN scale in dBrn. Convert the noise reading in dBrn to the 
equivalent value in dBm. Now subtract the noise level in dBm from the 
Signal-plus-noise level in dBm. The difference between these two figures is 
the ratio of (S+N)/N in decibels. 


Example: Assume that S+N measures -2 dBm and N measures +50 dBrn. The 
noise level of +50 dBrn is equivalent to -40 dBm (-90+50). The 
difference in decibels between -2 dBm and -40 dBm is 38 dB. The 
ratio in decibels of (S+N)/N is, therefore, 38 dB. 


1-2. Impulse Noise Test. Impulse noise is different from white noise in 
that it is caused by abrupt changes in signal levels having very short 
duration. Generally, impulse noise does not seriously degrade transmission 
quality in a voice communications circuit unless the noise is of a 
continually interfering nature. In data transmission, however, short high- 
intensity bursts may alter the waveform of the digital pulses. These bursts 
have little affect on the pulse amplitude since the pulses are normally 
transmitted at constant level. The DCA parameters for AUTODIN and AUTOVON 
specify impulse counts at particular levels for a given period of time. 


a. Test arrangement. A block diagram of a typical test arrangement for 
the impulse noise test is shown in figure 1-3. Test equipment includes a 
terminating resistor at the sending end of the line and Impulse Noise 
Counter Model TTS-58A (appendix A, section IV, figure 4) at the receiving 
end of the line. Tests are made in each direction of transmission. Each 
station records measurements at the receive side of the circuit under test. 
Note the similarity to the block diagram for idle noise test; the difference 
is in the test equipment employed and the length of time involved. A "hit' 
counter is used in place of the analog noise measuring set TTS-37B to 
measure the frequency of impulse noise peaks over a given time period. 


Station A (Sending) Station B (Receiving) 


TERMINATING 
RESISTOR 
RES WIRE IMPULSE NOISE 
COUNTER MODEL 
600 OHMS Circuit Under Test TTS-S8A 


Figure 1-3. Impulse noise test, block diagram. 


b. Recording of test data. Readings obtained in the test are recorded 
in the impulse noise data sheet, figure 1-4. Note the space for recording 


of time at starting and ending of the test. The DCA parameter 
identification is entered in DCS Circuit Type. 


Date 


Reporting Station (Receive Station) 


{Name of Station) 


Send Station 
(Name of Station) 


Test Equip Used: Name & Date Last Rated 
Ser No MFR Calibrated Accuracy 


Receiving Station 


Period of Test: Start End 


day/Z time/mo) (day/Z time/mo) 
Test Data: DCS Circuit No DCS Ciruit Type 


Type of Weighting 


Reference Level 


Measured Maximum Permitted 
Impulse Impulse 
Counts Counts 


COMMENTS: Use reverse side if necessary. 


SIGNATURE OF TESTER COMMAND AND TELEPHONE NO. 


Figure 1-4. Impulse noise data sheet, sample. 


c. Performing the test. 


(1) Terminate the send end of the line in a 600-ohm resistor, as in 
the idle circuit noise test. Patching the line jack to the 600-ohm resistor 
removes the signal from the line. 


(2) Patch the receive end of the line to the 310 LINE jack and select 
the proper weighting (WTG), depending on the signal characteristics. A 
switch-controlled filter circuit selects either FLAT, 10.2KC-51KC, or VOICE 
weighting. The VOICE position selects the circuit components within the 
test set for C-message weighting, while the previous two positions provide 
for data transmission weighting. 


(3) After setting the INPUT switch to match line impedance, adjust 
the REF LEVEL DBRN-~ attenuators according to the DCA_ parameter 
specifications. 


(4) Since only those peaks above the value established by a threshold 
circuit in the TTS-58A will be counted, white noise has no affect. On small 
peaks, the LO LEVEL counter will indicate; on peaks higher then LO LEVEL, 
the MED and LO counters will indicate; on peaks higher than MED, the LO, 
MED, and HI counters will indicate. The total count of "hits" will, 
therefore, show on the LO counter. This arrangement allows the technician 
to determine the strength and number of noise peaks at each of three 
different threshold levels over a selected time interval. 


(5) The spring-driven TIMER limits the period of time over which the 
counting will occur. The MON jack permits the technician to listen to the 
noise on the line with a headset or loudspeaker. 


1-3. Harmonic Distortion. When a signal passes through a telephone circuit, 
frequencies sometimes appear that were not in the original signal. Analysis 
of the received signal shows that these additional frequencies are harmonics 
(even and odd multiples) of the original signal frequency. Harmonics are 
produced by nonlinear circuit elements through which the signal is passing. 
The number and intensity of the harmonic frequencies is a measure of the 
Circuit nonlinearity. The distortion may be measured by determining the 
harmonics of a single tone. Total harmonic distortion is the ratio of the 
power in the test tone frequency to the power in the total harmonic energy 
observed at the output of the system. Single harmonic distortion is the 
same ratio except that the denominator is the power of a specified 


harmonic. The ratio is usually expressed in decibels. Usually the lowest 
order harmonic (second or third) will be the strongest one. 


a. Test arrangement. A block diagram of a typical test arrangement for 
harmonic distortion is shown in figure 1-5. Test equipment includes 
Telephone Test Set AN/USM-181 (appendix A, section V, figure 10) and Wave 
Analyzer Model 302A (IB 3321, figure 14). Tests are made in each direction 
of transmission (A to B, then B to A). 


Station A (Sending) Station B (Receiving) 


BRIDGING 
RESISTOR 


SWITCH 


WIRE 


WAVE ANALYZER 
MODEL 302A 


OSCILLATOR 


TELEPHONE TEST 
SET AN/USM-181 


! 


VOLTMETER 


Figure 1-5. Harmonic distortion test, block diagram. 


b. Recording of test data. Readings obtained during the test are 
recorded in the harmonic distortion data sheet, figure 1-6. Investigation 
is made of the levels of harmonics of the 700-Hz fundamental tone frequency 
which is transmitted 20 dB below normal transmission signal level at a given 
point (TLP) in the system (-10 dBm0). The actual level readings (measured 
or absolute levels) are entered in the appropriate column for record. The 
relative levels are then calculated with respect to the TLP and entered in 
the dBmO column. 


The calculations of relative levels start with finding the difference 
between absolute levels. Maximum permitted relative levels in dBmO are 
obtained from the appropriate parameter. 


Example: Assume that the normal level at the TLP is -10 dBm. If the 
level of the second harmonic is -38 dBm, what is the 
relative level of the second harmonic? 


The difference in decibels between the TLP normal level (- 
10 dBm) and the second harmonic level (-38 dBm) is 28 aB. 
Since -10 dBm is equivalent to 0 dBm0, the relative 
harmonic level is -28 dBmO. 


Example: If the parameter requirement of harmonic level is at least 
-35 dBmO, is the parameter satisfied? 


No, because -28 dBmO is a higher relative level than -35 
dBmo. In other words, the harmonic level is 7 dB higher 
than can be tolerated under the specified parameter. 


c. Performing the test. 


(1) Using the voltmeter, calibrate the level of the oscillator to be 
10 dB below the normal signal level at TLP of the circuit, at a frequency of 
700 Hz. Then connect the oscillator to the sending end of the line in place 
of the normal line signal. 
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Date 


Reporting Station {Receive Station) 
{Name of Station) 


Send Station 
(Name of Station) 


Test Equip Used: Name & Date Last Rated 
Ser No MFR Calibrated Accuracy 


Receive Station 


Send Station 
Period of Test: Start End 

(day/Z time/mo) (day/Z time/mo) 
Test Data: DCS Circuit No DCS Circuit Type 


Calculated Maximum 
iB Frequency Relative Permitted 
(Hz) Level 
Fundamental | 700) P| 
oo ne DOS |] a ee EET RETR 
"yan | | Se ne 
CCT] 2S 2 | |) a ne ee Ra 


COMMENTS: {Use Reverse Side if Necessary) 


SIGNATURE OF TESTER COMMAND AND TELEPHONE NUMBER 


Figure 1-6. Harmonic distortion data sheet, sample. 
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(2) With the MODE SELECTOR switch of the 302A on NORMAL, the RANGE 
switch on the full-scale meter movement desired, and the SCALE VALUE switch 
to ABSOLUTE, tune in the 700 Hz signal with the FREQUENCY control. Adjust 
the MAX INPUT VOLTAGE control to obtain suitable meter scale reading. Now 
place the MODE SELECTOR switch to AFC, and test set will lock on the 700 Hz 
incoming frequency. Read the level. 


(3) Using the 302A, place the MODE SELECTOR switch on NORMAL, and the 
SCALE VALUE switch on RELATIVE. In the RELATIVE switch position the meter 
will read an absolute level of signal as determined by the setting of the 
REF ADJUST attenuator. The technician must calculate the relative level in 
dBmO because the meter does not read in dBm0. Making the change in the MAX 
INPUT VOLTAGE control setting, rotate the RANGE switch counterclockwise (to 
increase sensitivity) and tune in the harmonic frequency with the FREQUENCY 
control. Tunable circuits select the harmonic frequencies for level 
measurement. Finally, place the MODE SELECTOR switch to AFC and read the 
level. 


(4) Continue the operation through the fourth harmonic. The 700 Hz, 
rather than the usual 1,000 Hz, is used for test tone because the fourth 
harmonic of 1,000 Hz would exceed the upper limit of a normal voice circuit. 
In the case of a telephone carrier channel, the fourth harmonic of 1,000 Hz 
would fall outside the passband of the channel filter and, therefore, would 
be filtered out. The fourth harmonic of 700 Hz is 2,800 Hz, well within the 
voiceband. 


1-4. Intermodulation Distortion. Intermodulation distortion is_- the 
impairment of a complex (multichannel) Signal due to - nonlinear 
characteristics of the transmission system. It is characterized by the 
formation of frequencies at the output of a system equal to the sums and 
differences of the component frequencies present at the input. Harmonic 
components are also present in the output, but are usually excluded from the 
measurement by the selective nature of the receiving test equipment. Since 
harmonic components and intermodulation products both result from nonlinear 
characteristics of the transmission system, reduction of harmonics normally 
minimizes the development of intermodulation products. The test setup to 
isolate intermodulation interference is generally similar to that harmonic 
distortion, except that two oscillators are used, sending two different 
frequencies at identical levels. The wave analyzer is then tuned to select 
a third frequency resulting from the interaction of the second harmonic of 
one 
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frequency and the fundamental of the other. This test is seldom necessary 
if the test for harmonic distortion is performed properly. A convenient 
method to determine whether intermodulation products are developed is to 
view the spectrum over which the products should appear, using the spectrum 
analyzer. Two frequencies commonly used for this test are 1,575 Hz and 
1,000 Hz. The wave analyzer is tuned to select 425 Hz, which is the 
difference between 2,000 Hz (second harmonic of 1,000 Hz) and 1,575 Hz. The 
amplitude of the 425 Hz signal is an indication of the degree of circuit 
nonlinearity. 


1-5. Single-Tone Interference. The subjective affect of single-frequency 
tone interference on a listener depends on the frequency of the tone and the 
power associated with it. The interfering tone is a voice communications 


channel is caused by signaling tone in its own channel or in an adjacent 
channel, or both; or from such sources as carrier leak, crosstalk, and 
induction from power lines. Although the disturbances caused by single- 
frequency tone interference is usually of a low level, subjective tests have 
proven that a persistent single tone is more annoying to a listener than a 
corresponding level of random noise. The frequency spectrum of a telephone 
transmission system must, therefore, be examined for the presence of such 
Spurious interfering tones. Their origin must be located and_ the 
interference eliminated or reduced to an acceptable level. Further, single- 
tone interference can be detrimental to data transmission, since noise 
bursts associated with it are more likely to produce errors than the same 
noise bursts in the absence of the steady interfering tones. 


a. Test arrangement. A block diagram of a typical test arrangement for 


Single-tone interference is shown in figure 1-7. Note that the test 
arrangement is similar to the harmonic distortion test, except that the send 
line is terminated in resistance and no signal source is involved. Wave 


Analyzer Model 302A is the only test equipment used because it has selective 
tuning capability; this is, it can select the desired frequency and 
disregard all others. Tests are made in each direction of transmission. 
The 600-ohm resistor is needed at the input terminals of the 302A to bridge 
the high input impedance of the test set and thus match it to the line 
impedance. 
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Station A (Sending) Station B ( Receiving) 


TERMINATING BRIDGING 


sean RESISTOR 
WAVE ANALYZER 
Los WIRE PAIR MODEL 302A 
re) 


Circuit Under Test 
Figure 1-7. Single-tone interference test, block diagram. 


b. Recording of test data. Readings obtained in the test are recorded 
in the single-tone interference data sheet, figure 1-8. Explanations 
showing how to determine translated levels are shown below. The maximum 
permitted level of interfering tone is taken from the appropriate DCA 
parameter. 


c. Performing the test. 


(1) Table II of appendix A (Circuit Parameters), refers’ to 
characteristics h and i under S, V, and D codes, and determines the maximum 
acceptable level of single-tone interference for the type of service (code) 
and mileage of the circuit under test. This value need be determined only 
Once and retained in station records for future tests. 


(2) Slowly sweep the FREQUENCY control of the 302A through the 
frequency range of the circuit under test. If any peaks are noted above the 
acceptable level, record for each peak the frequency and absolute level. If 
the technician wishes to listen to the restored interfering signal, he can 
do so with the MODE SELECTOR switch set at NORMAL while listening with a 
headset connected to the OUTPUT coaxial jack. 


(3) Record the absolute power level indicated by the 302A and correct 
the reading to a point of zero relative level by allowing for the relative 
level of the interface at which the measurement was made. 


Example: An absolute power level of -40 dBm is measured. The normal 
transmission level at the 
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receive location (TLP) is -10 dBm. The relative power 
level of the interfering tone is, therefore, 30 dB below 
TLP of -10 dBm, or -30 dBmo. 
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Date 


Reporting Station (Receive Station) 
(Name of Station) 


Send Station 
(Name of Station) 


Test Equip Used: Name & Date Last Rated 
Ser No MFR Calibrated Accuracy 


Receive Station 


Period of Test: Start End 
(day/Z time/mo) {(day/Z time/mo) 
Test Data: DcS Circuit No DCS Circuit Type 


Audio Bandwidth 


| Rosctute | Relative — Tone dBmO Max Permitted Level 
Absolute Translated to | of Interfering Tone 
Level (dBm0) 


Level | Resolute | Relative —_| aBrn0d dBrnd a@Brncd 


COMMENTS: (Use Reverse side if necessary) 


SIGNATURE OF TESTER COMMAND AND TELEPHONE NUMBER 


Figure 1-8. Single-tone interference data sheet, sample. 
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(4) A translation must be made from dBmO to dBrnO or dBrnco. To 


translate dBmO to dBrn0O, add 90 to the dBmO reading; then add the 
appropriate correction factor at the frequency of the interfering tone, as 
indicated in figure 1-9, to produce dBrnco. 


Correction Factor in db 


Example: Assume that the frequency of the interfering tone is 400 


Hz. In figure 1-9, 400 Hz on the C-message weighting curve 
gives a correction factor of -11 dB. Add 90 to -30 dBm0 to 
obtain +60 dBrno. Now add +60 dBrnO to -11 dB to obtain 
+49 dBrnco. 


TT 
mi 
ey 2c) 


fl oo Hh 


200 


-10 


-» 


/ 
[ 


600 800 1000 2000 3000 «= 8000 §=5000 


Frequency in Hertz 


Figure 1-9. C-message weighting curve. 
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1-6. Maximum Change in Audio Frequency. 


When a signal passes through a telephone communications system that 
includes frequency-division-multiplex (FDM) telephone terminals, the audio 
Signal is subject to frequency translation errors caused by instabilities in 
the carrier frequencies used in the FDM terminals. Modern carrier terminals 
in which one master oscillator synchronizes the frequencies of all carriers 
in the system effectively eliminate the problem of audio-frequency change. 
The problem of audio-frequency change arises when one or more older type 
terminals using nonsynchronous carriers are included as part of the 
communications system. A slight audio-frequency change is not important in 
voice communications because a slight change does not significantly reduce 


understandability of the _ sound. However, in voice-frequency channels 
handling digital traffic, a shift of only a few cycles can cause the 
development of bias distortion, resulting in message errors. In the test 


for maximum change in audio-frequency, a stable reference audio signal is 
injected into a voice channel at the sending terminal, and any deviation of 
Signal frequency from its original value is observed at the receiving 
terminal. Measurements should be made, if possible, in a voice frequency 
channel at the high-frequency end of the translated waveband because 
frequency variation will be most noticeable at the highest frequency. 


a. Test arrangement. A block diagram of a typical test arrangement for 
maximum change in audio frequency is shown in figure 1-10. Equipment 
includes the oscillator and voltmeter sections of Telephone Test Set AN/USM- 
181 (appendix A IV, figure 2) and the frequency counter portion of Envelope 
Delay Test Model 340B (appendix A, section V, figure 9). Tests are made in 
both directions of transmission. 
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STATION A (Sending) STATION B (Receiving) 


BRIDGING 
RESISTOR 


OSCILLATOR 


CIRCUIT UNDER TEST 


FREQUENCY 
COUNTER 


Figure 1-10. Test arrangement for maximum change 
in audio frequency, block diagram. 


b. Recording of test data. Readings obtained during the test are 
recorded in the change in the audio-frequency data sheet, figure 1-11. Two 
send station frequencies (1,000 and 2,000 Hz) are used. The entries in the 
Max Permitted Frequency Change column in the data sheet are obtained from 
the appropriate DCA parameter. 


c. Performing the test. 


(1) At the sending station, tune the audio oscillator to 1.0 kHz. 
Bridge the output terminals of the oscillator to the COUNTER INPUT terminal 
of the 340B, with the control knob to the right of the input connector at 
the COUNTER position. The frequency counter insures that frequency is 
within limits of 1/10 Hz. Set the oscillator to an output level equivalent 
to 0 dBmO at the TLP. 
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Date 


Reporting Station (Receive Station) 
{Name of Station) 


Send station 
{Name of Station) 


Test Equipment Used Name & Date Last Rated 
Ser No MFR Calibrated Accuracy 


Reporting Station 


Send Station 


Period of Test Start End 
{day/Z time/mo) (day/Z time/mo) 
Test Data DCS Circuit No DCS Circuit Type 


Send Station Receive Station Measured Max Permitted 
Frequency Frequency Frequency 


Average Frequency Difference 
COMMENTS: Use Reverse Side if Necessary 


SIGNATURE OF TESTER COMMAND AND TELEPHONE NO. 


Figure 1-11. Maximum change in audio-frequency data sheet, sample. 
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(2) At the receiving station, bridge the AN/USM-181 voltmeter and 
frequency counter of the 340B across a terminating resistor. 


(3) At the receiving station, adjust the output level to the 
frequency counter for optimum. 


(4) Observe the level meter indication for a period of 1 minute and 
record the reading. If there is any deviation in excess of +2 dB from the 
initial reading, the cause of the variation must be corrected prior to 
continuing with this test. 


(5) Observe the reading of the frequency counter for a period of 1 
minute. Record the frequency reading to the nearest tenth of a hertz. 


(6) Ask the technician at the sending station for the frequency of 
the transmitted signal as measured on his frequency counter, and record the 
figure. 


(7) The difference between the readings of the two frequency counters 
will be recorded as the frequency change. 


(8) Change the transmitted frequency to 2,000 Hz (+0.1) and repeat 
the measuring operations. 


1-7. Terminal Impedance. A telephone communications system connecting two 
technical control centers will usually include several subsystems. These 
subsystems may include telephone carrier terminals, radio sets, and cable 
sections. Military standards used in the design of equipment items assures 
matching 600-ohm impedance input and output voice channels. Modern 
telephone cables are also designed to have 600-ohm impedance pairs. When 
all of the above equipment items are integrated into a telephone system, the 
impedance should match; reflection loss and level variation are, therefore, 
minimized. Should any mismatch develop along the system, the resulting rise 
in reflection loss, together with a reduction in received signal level, 
would signify the need for checking system characteristic impedance. Such a 
test is called a terminal impedance test, not because it is associated with 
any particular type of terminal equipment, but rather because the test 
determines whether an impedance mismatch occurs in the overall system. 
Evidence of mismatch or instability of impedance indicates possible trouble 
somewhere in the system. In this event the circuit conditioner notifies the 
appropriate equipment or line maintenance crews 
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for correction of the fault. This test is not limited to trouble isolation, 
however; it is also used at the time of system installation just prior to 
activation. The intent of the test is not to condition the circuit, but 
rather to see if impedance match falls within the stated requirements as 
imposed by circuit parameters. 


a. Test arrangement. Typical circuit arrangements for’ terminal 
impedance tests are shown in A and B of figure 1-12. Each wire in the pair 
is shown’ separately. The test will be made in each direction of 
transmission. Each end station will record measurements on both the send 
and receive sides of the circuit under test. The test equipment includes 
Telephone Test Set AN/USM-181 (IB 3321, figure 2) and a 600-ohm terminating 
resistor. 


b. Recording of test data. Test data will be recorded on the terminal 
impedance data sheet (figure 1-13). Analyzed data will be recorded on 
Circuit Parameter Test Report, DD Form 1697 (to be shown in figure 3-3). 


c. Performing the tests. 


(1) Input circuit terminal impedance. This test checks the impedance 
at the input to the circuit under test. 
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STATION A STATION B 


TERMINATING 
RESISTOR 
OSCILLATOR 
sw2 
(P/O AN/USM-181) 
ee ee eee ao 600 
WIRE PAIR output | oHMS 
——_4 
CIRCUIT UNDER TEST 
AC VOLTMETER 
(P/O AN/USM-181 
A 
STATION B 
STATION A 
TERMINATING 
Swl SW2 RESISTOR 


OSCILLATOR 
(P/O AN/USM-181 


WIRE PAIR 


oo’ 


CIRCUIT UNDER TEST 


AC VOLTMETER 
(P/O AN/USM-181) 


Figure 1-12. Terminal impedance tests, block diagram. 


(a) Connect the AN/USM-181 to the circuit under test as in A of 
figure 1-12. 


(b) Tune the oscillator to 1,000 Hz and adjust the AMPLITUDE control 
to 0 dBmO (same as normal signal at the TLP point of test). 


(c) With switches S1 and S2 closed, measure the oscillator voltage 
across the input circuit (V7). 
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(d) Open switch Si and measure the oscillator voltage (V2). 
(e) Calculate the input terminal impedance (Zi) of the circuit. 


‘sy 
Zi = 600 v-%5 


Example: vy + 0.775 volt (terminated) 


v5 + 1.550 volts (open circuit) 


0.775 
Zi = 600 1.550 - 0.775 


= 600 ohms 


Note that when the circuit is properly terminated in 600 ohms and the 
impedances are matched, the oscillator output voltage should read 0.775 volt 
RMS, equivalent to a power level of © dBm. This is a convenient method for 
quickly verifying the presence of 600-ohm impedance. Impedance other than 
600 ohms will produce different values of measured voltage. 


(f) Input terminal impedance tolerance is +10 percent. That is, 540 
to 660 ohms. 
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Date 


Reporting Station (Receive Station) 
(Name of Station) 


Send station 
(Name of Station) 


Test Equip Used: Name & Date Last Rated 
Ser No MFR Calibrated Accuracy 


Reporting Station 


Send Station 


Period of Test Start: End: 
(day/Z time/mo) day/Z time/mo) 
TEST DATA: DCS Circuit No DCS Circuit Type 


Measured Permissible 
Terminal 


COMMENTS: (Use reverse side if necessary) 


SIGNATURE OF TESTER COMMAND AND TELEPHONE NUMBER 


Figure 1-13. Terminal impedance data sheet sample. 
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(2) Output circuit terminal impedance. 


(a) Connect Telephone Test Set AN/USM-181 to the circuit under 
test as shown in B of figure 1-12. 


(b) Tune the oscillator to 1,000 Hz and adjust the AMPLITUDE 
control for the calculated value of © dBmO. Close switch S11. 


(c) Measure the circuit output voltage at Station B across the 
600-ohm resistor (V+) with S2 closed. 


(d) Open switch S2 and measure the output voltage (V2). 


(e) Calculate the output terminal impedance (Zo) of the circuit. 


a 
2-1 
Zo = 600 v5 
Example: v4 = 0.775 volt (terminated) 


Vv. = 1.550 volts (open circuit) 


0.775 


= 600 ohms 


(f) This test differs from the previous test in that its purpose 
is to determine the output impedance of the circuit by using the voltmeter. 
In the event the circuit presents an output impedance seriously at variance 
with the 600-ohm input impedance of the terminating equipment, the circuit 
conditioner will have to insert a matching device such as a transformer or 
pad. Only in this way can he assure himself of impedance compatibility 
between the transmission facility and the terminating equipment. The output 
impedance tolerance is +10 percent. 


(3) Accuracy check. To insure that the oscillator has an output 
impedance (Ro) of 600 ohms, its open circuit output level (V2) should be 


measured, then a 600-ohm resistor should be placed across the oscillator 
output and the output level (Vz) should be recorded. If the oscillator has 


the required 60b-ohm output impedance, Va should be 1.550 volts and V4 


should be 0.775 volt, a ratio of 2/1. If the ratio is not equal to 2, 
calculate the oscillator output impedance from: 
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1-8. Longitudinal Balance. When a circuit is installed or activated, the 
technical controller or circuit conditioner may have to determine 


longitudinal balance before continuing with other tests. A test for 
longitudinal balance determines the dynamic balance; that is, the relative 
impedance of each wire in the pair with respect to ground. A serious 


unbalance may make further circuit test ineffective. If unbalance exists, 
the controller may take one of two actions: either notify wire technicians 
to correct the cause of unbalance, or switch to another circuit to meet the 
requirements. Two tests are normally performed; one to check balance at the 
input of the circuit under test, and another to check balance at the output 
of the circuit under test. Both tests are relatively easy to perform, the 
only instruments being one oscillator and two voltmeters from the AN/USM- 
181's, together with precision resistors and an isolating transformer. 
Fundamentally, both tests involve finding the voltage between the electrical 
center of the wire pair and ground, then comparing that voltage with the 
test signal voltage across the line. The ratio of the two voltages will be 
given in decibels. 


a. Test arrangement. Block diagrams of the two test arrangements 
(input and output) are shown in figures 1-14 and 1-15. The illustrations 
show both wires in the pair so that the method of obtaining electrical 
center can be indicated. Tests will be made in both directions of 
transmission. 
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STATION A (Sending) STATION B (Receiving) 


TERMINATING 
RESISTOR 


TRANSFORMER 
INPUT OUTPUT 600 


OSCILLATOR 


(P/O AN/USM-181) 


AC VOLTMETER 
(P/O AN/USH-181) 


CIRCUIT 
UNDER 
TEST 


AC VOLTMETER 
(P/O AN/USM-181} 


Figure 1-14. Test arrangement for longitudinal balance 
of input circuit, block diagram. 


b. Recording of test data. Data for both tests will be recorded on the 
longitudinal balance data sheet shown in figure 1-16. Each station will 
record measurements made on both the send and receive sides of the circuit 
under test. Analyzed data will be recorded on Circuit Parameter Test 
Report, DD Form 1697 (figure 3-3). 


c. Performing the tests. 


(1) Input circuit. 


(a) Connect the equipment to the input of the circuit under test 
as indicated in figure 1-14. Electrical center between the pair of wires is 
provided by the transformer secondary. Input and output impedances of the 
transformer are both 600 ohms. Since the transformer has a 1:1 turns ratio, 
it neither steps up nor steps down the test signal voltage. 
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Station A (Sending) Station B (Receiving) 


OSCILLATOR 


(P/) AN/USM-181) 


Circuit under 
test 


AC VOLTMETER 
(P/0 AN/USM- 181) 


< 


a 150 AC VOLTMETER 
2 OHMS | (P/O AN/USM-181) 


Figure 1-15. Test arrangement for longitudinal balance 
of output circuit, block diagram. 


(b) Tune the oscillator to approximately 2,700 Hz. This frequency 
is selected for the test because it is near the upper end of the voiceband. 
Adjust the AMPLITUDE control of the oscillator until the voltmeter indicates 
0.776 volts (Vz). This value of voltage is equivalent to a level of 0 dBm 


in 600 ohms. 


(c) Measure the voltage (V2) across resistor R. The voltage 


across R indicates the magnitude of unbalance of the wires in the pair to 
ground. As the unbalance becomes greater, the voltage across R increases; 
if the balance were perfect (a condition seldom achieved), the voltage would 
be approximately zero. This gives a high decibel figure by calculation. 
The higher this figure, the better is the balance. 


(d) Calculate the longitudinal balance of the input circuit. 


Vv 
_i. 
Longitudinal Balance (dB) = 20 10949 v5 
Example: vy = 0.775 volts, 
v5 = 0.0001 volt. 


0.775 
Balance = 20 10959 0.001 = 20 109, 775, 20 (2.8893) = 58 dB. 


29 


(2) Output circuit. 


(a) Connect the equipment to the output of the circuit under test 
as indicated in figure 1-15. 
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Date 


Reporting Station (Receiving Station) 
{Name of Station) 


Sending Station 
(If Applicable) (Name of Station) 
Name & Date Last Rated 
Test Equip Used Ser _No MFR Calibrated Accuracy 
Test Period: Start End 
(day/Z time/mo) day/Z time/mo) 
Test Data: DCS Circuit No DCS Circuit Type 


Measured M 

Longitudinal Longitudinal 

Balance Balance 
Permitted 


COMMENTS: {Use Reverse Side if Necessary) 


SIGNATURE OF TESTER COMMAND AND TELEPHONE NO. 


Figure 1-16. Longitudinal balance data sheet, sample. 
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1-9. Phase Jitter. 


a. In measuring phase jitter, we are not concerned with long term (very 
slow) changes in phase such as might be caused by the slow drift of a 
carrier oscillator. However, we are concerned with the maximum 
instantaneous deviations from the average phase of the signal. A common 
cause of these deviations is the modulation of carrier supplies in 
frequency, division multiplex systems by the power line frequency, or some 
harmonic of the power line frequency. When the carrier supply frequency is 
used to translate the signals to their appropriate position in the frequency 
spectrum, the phase modulation on the carrier is transferred to the signal. 
This results in the phase modulation of the signal at the rate equal to the 
power supply frequency, or a multiple of that frequency. 


b. Other causes of phase jitter, such as interfering tones on the 
channel or variations in the media, may be present. All of these variations 
might cause the instantaneous phase to deviate from the average. For 
example, an interfering tone 21.2 dB below the signal level will cause a 
peak phase deviation of about 5 degrees, or a peak-to-peak deviation of 10 
degrees. 


c. Interfering signals such as tones or noise can cause phase jitter. 
Normally, these causes should be found in other tests, and should be kept 
within specified limits. It is important that interfering tone and noise be 
within the acceptable limits before conducting phase jitter tests. 


(1) Test arrangements. Figure 1-17 shows the typical test 
arrangement which is applicable to the test procedures described in this 
test description that use the oscilloscope method. Both the input and 
output of the channel under test will be disconnected from the signal source 
and terminal equipment. The channel input at the sending station will be 
terminated in a signal generator (A). The channel output at the receiving 
station will be terminated in the vertical input of the oscilloscope (insure 
the input impedance of the oscilloscope meets the output impedance of the 
Circuit under test) through a switch arrangement which will allow the 
vertical input to the oscilloscope to be connected to either the output of 
the signal generator (#2) or the output of the circuit under test. 
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Test will be conducted in each direction of transmission. The 
figure depicting the test equipment arrangements are applicable to the 
Opposite direction of transmission by reversing the configuration. 


NOTE: 


The accuracy of this test depends on the phase jitter of 
the oscillator, which should be less than ©.5 degrees and 
for the oscilloscope measurement, how close the crossover 
point of the sinusoidal wave is maintained on the center 
graticule of the oscilloscope. If this point is allowed to 
move above or below the center line, amplitude variations 
will appear as phase changes. 
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Station A (Sending) Station B (Receiving) 


VERTICAL 
INPUT 


OSCILLOSCOPE, 
TEKTRONIX 
TYPE 561A 


OSCILLATOR —————- 
P/O PAIR 1 
AN/USM- 181 
TEST 
rv SWITCH 
CIRCUIT 
UNDER 
TEST 


OSCILLATOR 
P/O 
AN/USM-181 


#2 


Figure 1-17. Typical phase jitter test arrangement, 
block diagram. 
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Phase Jitter Phase Jitter 
not present present 


Figure 1-18. Effect of phase jitter on lissajous pattern 
oscilloscope display. 


(2) Recording of test data. Test data will be recorded on the phase 
jitter data sheet shown in figure 1-19. Each station will record 
measurements made on both send and receive sides of the circuit under test. 
Analyzed data will be recorded in figure 3-3. 
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Date 


Reporting Station (Receive Station) 
(Name of Station) 


Send Station 
{Name of Station) 


Test Equip Used: Name & Date Last Rated 
Ser _No MFR Calibrated Accuracy 


Receive Station 


Send Station 


Period of Test: Start End 

{(day/Z time/mo) (day/Z time/mo) 
Test Data: DCS Circuit No DCS Circuit Type 
Smearing Cycle Measured Maximum Permitted 
length Length Peak-to-Peak Peak-to~-Peak 
(Grid (Grid Phase Jitter Phase Jitter 
Divisions) Divisions {degrees degrees 


COMMENTS: (Use reverse side if necessary) 


SIGNATURE OF TESTER COMMAND AND TELEPHONE NUMBER 


Figure 1-19. Phase jitter data sheet, sample. 
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(3) Performing the test. 


(a) Oscilloscope Type 561A is used with plug-in unit Type 3A72 
Dual-Trace Amplifier for the vertical deflection, and plug-in Type 2B67 Time 
Base for the horizontal deflection. Connect all test equipment to the 
circuit under test as indicated in figure 1-17. 


(b) Set the FREQ control of oscillator #1 to 1,000 Hz, and the 
AMPLITUDE control for an output of O dBmO (normal signal level at the point 
of measurement). Measure the received level at station B. 


(c) Set the FREQ control of oscillator #2 to 1,000 Hz and adjust 
the AMPLITUDE control for an output equal to the received level. 


(d) Place the switch in position 2, feeding the oscillator #2 
output to the vertical input of the oscilloscope. On the Time Base (figure 
5 of IB 3321), set the SOURCE switch to EXT, and adjust the LEVEL control 
for a stable display. Adjust the TIME/DIV controls so one cycle of the sine 
waveform covers nine grid divisions. Each division is then equal to 40°. 
With the POSITION control of the Type 3A72 plug-in, center the display on 
the graticle. 


(e) Place the test switch in position 1. This disconnects oscillator 
#2 from the vertical input of the oscilloscope and in its place feeds the 
received test signal to the vertical input. However, the signal from 
oscillator #2 continues to feed the horizontal input to the oscilloscope. 
The pattern of the display should now be a straight line. Adjust the FREQ 
control of oscillator #2 slightly until the oscilloscope waveform (straight 
line) remains stationary. Phase jitter will cause smearing of the center of 
the straight line where it crosses the graticle axis. 


(f) Measure the amount of peak-to-peak phase jitter by measuring the 
smearing length in grid divisions of the waveform's zero crossing on the 
horizontal axis. Divide the smearing length (grid division) by the total 
length of a single cycle (nine grid divisions) on the horizontal axis and 


multiply it by 360° as shown in the following formula: 


smearing length (grid divisions) X 360° 


Peak-to-peak phase jitter = cycle length (grid divisions) 
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Example: 


ee a ~ Smearing length x 360° 
Peak-to-peak phase jitter cycle length 


Smearing length 0.4 grid division 


Cycle length 9 grid divisions 


Peak-to-peak jitter = 0.4 x 360° 


16° 


Peak-to-peak phase jitter 


NOTE: If an oscilloscope with a magnifier is available, more 
accurate reading can be obtained; i.e., with a 


magnification of 5, each division equals 8°. 


STUDY EXERCISES 


In each of the following exercises, select the ONE answer that best 
completes the statement or answers the question. 


ale When the technician prepares to measure idle circuit noise level using 
Noise-level-VU Measuring Set Model TTS-37B, he prepares the circuit by 


a. removing the signal at the transmitting end, and terminating the 
send end of the line in a resistor. 


b. terminating the send end of the line in a _ resistor, and 
connecting a signal source at the receiving end. 


Cc. connecting a signal source to the receiving end, and sending a 
second signal at a different frequency. 


cd: transmitting two signals of similar frequencies but different 
amplitudes, and terminating the receiving line in a resistor. 
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The block diagram arrangements of tests for idle noise and impulse 
noise are similar. One difference between the two tests is that the 
impulse noise test calls for 


a. instantaneous reading of noise peaks in terms of RMS values. 

b. different weighting characteristics for voice circuit testing. 

Cc. substitution of a "hit" counter for an analog measuring device. 

d. eo of the terminating resistor at the sending end of the 
ine. 


Assume that you want to quote the noise level in terms of dBrnc. You 
must place the weighting switch of the TTS-37B on the position marked 


a. 3KC. Cc. C MSG. 

b. 15KC. d. HIGH PASS. 

Impulse Noise Counter Model TTS-58A (appendix A, section IV, figure 4) 
uses LO, MED, and HI counters. Why are MED and HI counters provided 


when the total count shows on LO? 


a. The threshold is adjusted so that the noise spectrum is indicated 
by the MED and HI counters. 


b. By observing the three counters, the technician can determine the 
number of noise peaks in a given time occurring at three 
different thresholds. 


Cc. The HI counter is necessary because the number of peaks may be 
more numerous than the LO counter can indicate. 


d. MED and HI counters are needed to display the rapidity of 
occurrence of the noise peaks. 
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5. When the line under test is patched to the TTS-58A, the instrument 


receives all noise on the circuit, including white noise. However, 
white noise has no affect on the TTS-58A because this instrument uses 
a 
a. threshold circuit. 
b. spring-driven timer. 
Cc. filter to block the white noise. 
d. weighting circuit to discriminate against white noise. 
6. Assume that you are calculating the S+N/N. If the TTS-37B indicates a 


level reading of -4 dBm with signal applied, and +46 dBrn when the 
Signal is removed, the S+N/N is 


a. 38 dB. Cc. 44 dB. 
b. 4O cB. d. 46 cB. 
SITUATION 
Assume that you are conditioning a circuit to parameter S3. This 


parameter specifies that harmonic distortion must be less than -40 dBm0O when 
a test frequency of 700 Hz is introduced at a level of -10 dBmO. Level at 
TLP is -12 dBm. 


Exercises 7 through 10 are based on this situation. 


7. A test frequency of 700 Hz is used in the harmonic distortion test of 
telephone carrier-channel rather than 1,000 Hz because the 


a. fourth harmonic of 700 Hz lies within the voice passband of the 
channel. 

b. test tone of 700 Hz will not interfere with other tests performed 
at 1,000 Hz. 

Cc. 700 Hz test tone frequency is closer to the center of the voice 


passband than 1,000 Hz. 


d. interfering affect on a listener of the 700 Hz tone is less 
severe than the 2,000 Hz tone. 
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10. 


11. 


To what level will you adjust the 700 Hz test signal at the TLP? 

a. © dBm Cc. -12 dBm 

De -10 dBm d. -22 dBm 

The front panel of Wave Analyzer Model 302A (appendix A, section V, 


figure 5) carries a switch marked SCALE VALUE. The function of this 
switch in the RELATIVE position is to 


a. allow measurement of levels in dBmo. 

b. eliminate the need to calculate relative levels. 

Cc. assure calibration of the meter at the TLP signal level. 

d. permit measurement of the signal level at the output of the REF 


ADJUST attenuator. 


Assume that the normal level at TLP is changed from -12 dBm to -15 
dBm, and the second harmonic level is -42 dBm. Your report should 
show that parameter S3 


a. cannot be met because the maximum permitted relative level 
exceeds tolerance. 


b. cannot be satisfied because the test tone level is no longer -10 
dBmo. 
Cc. has been satisfied because the maximum permitted relative level 


in dBmO is within tolerance. 


d. has been met because the increased tolerance results from the 
rise in test tone level from -12 to -15 dBm. 


Assume that the two frequencies selected for an intermodulation test 
are 1,000 Hz and 1,125 Hz. You should tune the wave analyzer to 
select a frequency of 

a. 425 Hz. om 1,000 Hz. 


Dx 875 Hz. d. 1,125 Hz. 
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12. In making the single-tone interference test, Wave Analyzer Model 302A 
is selected as the test instrument. This test set is selected because 
it has the capability to 
a. furnish a random-noise signal as well as a test tone. 

b. terminate the receive line in its characteristic impedance. 

Cc. furnish any test tone within its tuning range when using the BFO. 

d. select the interfering tone frequency on the line and measure its 
level. 

13. Assume that you are making a test for maximum change in audio 
frequency. You can tell that the audio frequency has changed by 
a. listening first to one frequency, then the other. 

b. comparing the reading of the two frequency counters. 

Cc. comparing the two frequencies by means of an oscilloscope trace. 

d. observing the readings on one frequency counter, using a return 
reference circuit. 

SITUATION 


Assume that you are performing a terminal impedance test on the 


circuit shown in figure 1-12. 


Exercises 14 through 18 are based on this situation. 
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14. 


15. 


16. 


17. 


The test shown in B of figure 1-12 is performed to determine if there 
is an impedance match between the 


a. voltmeter and the 600-ohm resistor at station B (receiving). 
b. oscillator at station A (sending) and the circuit under test. 
CH terminating equipment at station B (receiving) and the circuit 


under test. 


d. oscillator at station A (sending) and the voltmeter at station B 
(receiving). 


The minimum value of input terminal impedance that will be within the 
tolerance is 


a. 500 ohms. C; 540 ohms. 
b. 525 ohms. d. 600 ohms. 


You will know when system characteristic impedance needs to be checked 
by the 


a. rise in reflection loss and a drop in received signal level. 
b. drop in reflection loss and a drop in received signal level. 
Cc. rise in reflection loss and a drop in the transmitting level. 
d. drop in the reflection loss and a rise in the transmitting level. 


Assume that a test of the input terminal impedance of a circuit gives 
a terminated voltage (Vz) of 1.63 volt and an open circuit voltage 


(V2) of 3.85 volts. Your calculations show that the input terminal 
impedance of the circuit is approximately 


‘a. 135 ohms. C* 653 ohms. 


b. 440 ohms. d. 705 ohms. 
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18. Assume that a circuit conditioner arrives to connect a telephone modem 
having 600-ohm input impedance. If his test of output impedance of 
the line shows it to have 135 ohms impedance, what action should he 
take? 

a. Insert a matching transformer between line and modem. 

b. No action is necessary because line impedance is_ within 
tolerance. 

Cc. Raise the transmitting level to overcome line loss so normal 
level enters the modem. 

d. Calibrate the voltmeter; the wide variance in impedance shows it 
to be in error. 

SITUATION 


Assume that you are performing the longitudinal balance tests of input 


and output circuits as shown in figures 1-14 and 1-15. 


19. 


20. 


Exercises 19 through 23 are based on this situation. 


One step in the procedure to measure longitudinal balance in either 
the input or output circuit is to measure the 


a. voltage between the electrical center of the wire pair and 
ground. 

b. voltage between each of the two wires to ground. 

Cc. input and output impedance of the wire pair. 

d. resistance of each wire to ground. 


Assume that the input circuit is being tested. If the normal signal 
level (0 dBm@) at the point of test is 0.636 volt, the value of Vy 


must be adjusted to 


a. 1 milliwatt in 600 ohms. 

b. equal the normal signal level. 

Cs 0.636 volt from either line to ground. 

di 0.775 volt from transformer center tap to ground. 
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21. The oscillator is tuned to approximately 2,700 Hz because this 
frequency is 
a. in the center of the voiceband. 

b. near the top of the voiceband. 
Cc. one to which the ear is most responsive. 
d. at resonance with the transformer secondary. 

22. Assume that you have checked the longitudinal balance of four input 
circuits, and the respective calculations give 82 dB, 41 dB, 10 GB, 
and © dB. The wire pair having the best condition of longitudinal 
balance is that pair which yields 
a. © cB. om 41 dB. 

b. 10 dB. d. 82 dB. 

23. Assume that the normal power level of a test signal passing through 
the output circuit is © dBm. When longitudinal balance of the output 
Circuit is checked, Vp is found to be 0.002 volt. The longitudinal 
balance of the output circuit is approximately 
a. 58 CB. Cc. 27 CB. 

b. 52 dB. d. 16 dB. 
HINT: V4 is 0.775 volt when signal level is © dBm. 

SITUATION 
Assume that you are measuring peak-to-peak phase jitter on the circuit 

shown in figure 1-17. You have calibrated the oscilloscope so that one 


complete cycle (360°) of the waveform display covers nine grid divisions on 
the graticule. 


Exercises 24 and 25 are based on the above situation. 
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24. 


25. 


When no phase jitter is present in the test 
pattern will be 


a. jittering circle. 

b. stationary circle. 

Cc. jittering straight line. 
d. stationary straight line. 


How many degrees of the complete cycle is 
division? 


a. 40° Ci 180° 


b. 90° oe 360° 
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Signal, 


covered by 


the display 


each grid 


LESSON 2 
EQUALIZING PROCEDURES 


SCODG heitetek diets bh Peat etter eek A Rpeatetwie dee eee Block diagram analysis of equipment 
arrangement to measure envelope-delay 
distortion using the end-to-end and 
the end-to-end with reference-return 
methods; measurement of amplitude- 
frequency response; use of equalizer 
to minimize envelope-delay distortion 
and to modify amplitude-frequency 


response. 

CREDIT “HOURS. é.d cared dre ae ede eee 2 

TEXT ASSIGNMENT ..... 0c cee eee eee ee Attached Memorandum, para 2-1 thru 
2-3; appendix A 

MATERIALS REQUIRED ...... eee eee eens None 

SUGGESTIONS ..... cece ees None 


LESSON OBJECTIVES 
When you have completed this lesson, you should: 
1. Know that preliminary tests for amplitude-frequency response and 
envelope-delay distortion must be completed before applying an equalizer to 


a circuit. 


2. Know that a modulated carrier signal must be used to test for 
envelope-delay distortion. 


3. Know that data circuits must usually be equalized to minimize 
envelope-delay distortion and amplitude-frequency response. 


4. Know that an equalizer remains installed in each conditioned circuit. 
5. Be able to distinguish among methods used for measuring envelope-delay 
distortion. 
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6. Be able to distinguish between reference and_ reference-return 
frequencies. 


7. Be able to calculate envelope-delay distortion, given the total delay 
and the reference delay. 


8. Be able to distinguish among characteristics of test sets designed to 
measure envelope-delay distortion. 


ATTACHED MEMORANDUM 


2-1. Envelope-Delay Distortion. The difference between the maximum and 
minimum transit time of different frequencies within a specified bandwidth 
through a circuit is called delay distortion or, more simply, delay. When 
transit time varies with frequency, each frequency arrives at a slightly 
different time or phase relationship. This causes the shape of the received 
modulation envelope to be different from that of the transmitted signal, and 
the effect is called envelope-delay distortion. Since delay cannot be 
decreased, equalization or corrective network must always add delay so that 
the characteristics of a line with envelope-delay distortion together with 
equalizer networks yield a near-constant-delay time at all frequencies 
within the band of interest. The resulting constant-delay time is nearly 
always greater than the maximum observed delay before equalization. One 
type of test set used to measure envelope-delay distortion of a telephone 
line is Envelope-Delay Distortion Measuring Set TS-2669/GCM, shown in figure 
8 of appendix A, section V. The test results are used to plot a delay- 
frequency curve which the circuit conditioner compares with designated 


parameters. The TS-2669/GCM consists of a transmitter and a _ receiver 
section. We will refer to these two sections as the transmitting or 
receiving TS-2669/GCM depending on which function it is serving. The 


technician at the transmitting TS-2669/GCM is responsible for performing the 
test. 


a. Test arrangement. The preferred method of making envelope-delay 
distortion measurements is end-to-end with reference-return path shown in B 
of figure 2-1. This method simplifies the operation because all readings 
are taken by one technician. However, this method can only be used when a 
good quality auxiliary line is available. If no suitable auxiliary line is 
available, the end-to-end method, without reference return, will be used as 
shown in A of figure 2-1. In either method, two TS-2669/GCM's are 
necessary, along with two order wire telephones. 
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b. Definitions. The circuit conditioner must use terms specific to his 
task. For convenience these terms are grouped into applications before and 
after equalization. In all applications, absolute delay is the measured 
time delay indicated by the DELAY meter on the TS-2669/GCM. When the end- 
to-end with reference return is used, total delay is the sum of delay in the 
line under test plus auxiliary line delay. In this method the auxiliary 
line delay is the delay in the line used to return the reference signal to 
the transmitting test set. The calculated delay of the line is the 
difference between the total delay and auxiliary line delay. 


(1) Before equalization. 


(a) Initial line delay is the absolute (measured) delay in the 
line under test. 


(b) Average delay is the average of maximum and minimum initial 
line delays; that is, the sum of the two delays divided by 2. 


(c) Primary delay is the difference between maximum and minimum 
initial line delays. 
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STATION A (Sending) STATION B (Receiving) 


TS-2669/GCM 


A CONNECTIONS FOR END-TO-END METHOD 


LINE UNDER TEST 


TS-2669/GCM TS-2669/GCM 


REC TRANS 


B CONNECTION FOR END-TO-END WITH REFERENCE RETURN METHOD 


Figure 2-1. Envelope-delay-distortion test, block diagram. 


(d) Relative delay is the calculated limits (+) of initial line 
delays from the average delay. 


(2) After equalization. 


(a) Final line delay is the absolute (measured) delay in the line 
under test. 


(b) Secondary delay is the difference between maximum and minimum 
final line delays. 


(c) Reference delay is the average of maximum and minimum final 
line delays; that is, the sum of the two delays divided by 2. 
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(d) Envelope delay distortion is the calculated limits (+) of the 
final line delays from the reference delay. 


c. Performing the test, end-to-end method. 


(1) Preparation. Remove all circuit conditioning equipment by 
strapping it out of the line circuit. Such items of equipment may introduce 
delays that will interfere with accuracy of the tests. If single-frequency 
(SF) units are used, make sure they are in the off-hook condition (no 
transmission of ringing frequency). Connect the TS-2669/GCM's to the line 
as shown in A of figure 2-1. The technicians must have a telephone order 
wire so they can communicate while performing the tests. 


(2) Selection of carrier frequency. The carrier frequency is varied 
by means of the CARRIER FREQUENCY knob, and the technician may select any 


one of three equal-level amplitude-modulated frequencies (25, 83-1/3, 250 
HZ). The most often used is 83-1/3 Hz because it provides the best 
compromise between accuracy and stability. 


(3) Function of the TS-2669/GCM. The transmitting test set modulates 
a carrier and sends the signal down the line. At the other end of the line 
the receiving test set demodulates the signal and extracts the modulation 
envelope. In addition, the receiving test set generates a similar modulated 
Carrier within itself and extracts that modulation envelope. Through 
synchronized logic circuitry, the receiving test set compares the _ two 
modulation envelopes and indicates the delay time between them on the DELAY 
meter. 


(4) Preliminary circuit test. The transmitting technician varies the 
carrier frequency produced by his TS-2669/GCM across the frequency band 
specified by parameters, and the receiving technician records initial line 
delays at the various frequencies. Using the maximum and minimum observed 
delays, they determine the primary delay and the average delay. The primary 
delay describes the spread between maximum and minimum initial line delays. 
The average delay is determined from these two initial line delays. Further 
readings to determine relative values at all other frequencies in the band 
of interest are based on the average delay. The decision to equalize 
depends on calculations for relative delays at all frequencies listed in the 
parameter. If the primary delay and relative delays are within parameter 
tolerances, no equalization is required. However, if any primary or 
relative delays are out of parameter tolerances, the technician will have to 
equalize. If no equalization is necessary, the average 
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delay is equivalent to the reference delay, and relative delays are 
equivalent to envelope-delay distortion. Moreover, the primary delay is 
equivalent to the secondary delay. Primary delay = maximum initial line 
delay - minimum initial line delay. Average 


maximum delay + minimum delay. 
delay = 2 


(5) Calculating relative delays. Assume that the maximum initial 
line delay is 1.675 ms at 600 Hz and the minimum is 0.325 ms at 2,000 Hz. 
What are the primary delay, average delay, and relative delay? 


Primary delay = 1.675 — 0.325 = 1.350 ms 


Average delay = A282 40-228 = 1,000 ms 


Upper relative delay = 1.675 ~ 1.000 = +0.675 ms at 600 Hz 


i 


Lower relative delay 1.000 - 0.325 = -0.675 ms at 2,000 Hz 

Note that the upper relative delay is positive because it is larger 
than average, while the lower relative delay is negative because it is 
smaller than average. The total variation permitted is established by 
limits of the parameter (+) from average for the intended type of service. 


(6) Calculating envelope-delay distortion. The equalizing process 
adds delay to make all delays at least equal to the longest initial line 
delay (1.675 ms before equalization), and most of the time the process 
causes all delays to be higher. For example, assume that after equalization 
the maximum final line delay is 2.025 ms and the minimum is 1.975 ms. What 
is the secondary delay, reference delay, and envelope-delay distortion? 


Secondary delay 


2.025 - 1.975 = 0.050 ms 


Reference delay 2.025 5 1.975 


= 2,000 ms 


Upper envelope-delay distortion = 2.025 - 2.000 = +0.025 ms 
at 600 Hz 


Lower envelope-delay distortion = 2.000 - 1.975 = -0.025 ms 
at 2,000 Hz 
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Envelope-delay-distortion parameters (after equalization) are the most 
important values to the circuit conditioner. Relative delays prior to 
equalization are important values in determining whether equalization is 
necessary. 


(7) Calibration and adjustment of controls. The calibration 
procedure necessary to prepare the TS-2669/GCM for use is too extensive to 
include here. The technician must refer to the instruction manual for this 
information. Only those controls essential for performing the envelope- 
delay-distortion test will be included here. Frequency calibration of the 
two sets should be compared before starting the test. 


(a) On the transmitting TS-2669/GCM, set the MODULATION FREQUENCY 
HZ switch to the 83-1/3 position and the SWEEP/CARRIER/REFERENCE switch on 
CARRIER. Adjust the CARRIER/FREQUENCY control to the first test frequency 
as indicated on the FREQUENCY readout. Place the REF RETURN switch on the 
END-TO-END position. 


(b) With the receive signal patched to the BAL RECEIVE jack at the 
receiving end of the circuit, adjust the RECEIVE LEVEL control for the 
expected input level specified in the Telecommunications Service Order 
(TSO). The receiving operator reads the level on the DBM scale of the level 
meter, and the delay on the DELAY meter. He calls the values over the order 
wire to the transmitting operator who controls the test in the sending 
direction. The transmitting operator enters all values on the form. 


(c) The receiving operator continues calling off the delay 
readings at frequencies indicated on the envelope-delay data sheet (figure 
2-2). The transmitting operator calculates the delay values (relative delay 
before equalization, envelope delay after equalization). 
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DATE 
Reporting Station (Receive Station) 
(Name of Station) 
Sending Station 
(Name of Station) 


Test Equip Used Equip Name & Date Last Rated 
Serial No. MFR Calibrated Accuracy 
Reporting 
Station 
Send Station 
Reference 
Frequency 
Period of Test: Start End 
(day/Z time/mo) Day/z time/mo) 
Test Data: DCS Circuit No. DCS Circuit Type 


Frequency Bands Measure Envelope Max Permitted 
Measured Delay (Microseconds) Envelope Delay 
Microseconds 


SIGNATURE OF TESTER COMMAND AND TELEPHONE NO. 


Figure 2-2. Envelope-delay-distortion data sheet, sample. 
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d. Performing the test, end-to-end with reference-return method. In 
the end-to-end method just discussed, the transmitting operator depends on 
the receiving operator for accuracy of test results. There is the 
possibility of misunderstanding between individuals, even though an order 
wire telephone connects them together. The end-to-end with the reference- 
return method illustrated in B of figure 2-1 places all readings on the 
Single test set used by the transmitting operator; the receiving operator 
merely stands by. As the auxiliary line returns the delayed signal from the 
receiving to the transmitting test set for display, the delay in the 
auxiliary line adds to the delay already in the signal. However, the 
auxiliary line delay remains a constant value because the carrier frequency 
used for the return path remains a fixed value. 


(1) Preparation. The same general test setup is used in the 
reference-return method as with the end-to-end method. However, one 
auxiliary line of good quality must be provided for reference return; this 
is in addition to the order wire and the line under test. Place the REF 


RETURN switch to the REF RETURN position. Place the SWEEP/CARRIER/REFERENCE 
switch to the REFERENCE position. Adjust the REFERENCE FREQUENCY control 
1,800 Hz on the readout for an all-wire circuit, or 2,000 Hz for a circuit 
returning through a carrier channel. All other controls remain in the same 
positions previously indicated in the end-to-end method. 


(2) Calculations. In the reference-return method, calculations are 
Similar to those in the end-to-end method. However, the transmitting 
technician taking the meter readings must be aware that the observed total 
delays include auxiliary line delays. In a previous example of the end-to- 
end method, final line delays were 2.025 and 1.975 ms, with reference delay 


of 2,000 ms. If the auxiliary line delay in the reference-return method 
adds a constant value of 0.100 ms, the total delays will rise to 2.125 and 
2.075 ms, with the reference delay rising to 2.100 ms. However, the 


envelope-delay distortion remains identical with that observed in the end- 
to-end test. 


Reference delay = 2.100 ms 


Upper envelope delay distortion = 2.125 - 2.100 +0.025 ms 
Lower envelope delay distortion a 2.100 - 2.075 = -0.025 ms 


e. Test equipment substitution. Envelope Delay Test Set Model 340B 
shown in figure 9 of appendix A, section V, 
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can be used in place of the TS-2669/GCM. Both test sets furnish variable 
carrier frequencies, accurate modulation rates, and digital readouts of 
frequency. There are, however, several significant differences. 


(1) The Model 340B is simpler to operate and calibrate than the TS- 
2669/GCM. 


(2) The 340B weighs much less, and is considerably smaller in size. 
These features are brought about by incorporating solid-state devices 
(transistors) in the equipment design. 


(3) The readout of delay in the 340B indicates directly in 
microseconds, while the delay meter of the TS-2669/GCM gives the delay in 
milliseconds. Since the delay parameters are stated in microseconds, the 
340B eliminates the necessity of constantly converting from milliseconds to 
microseconds (usec). When using the TS-2669/GCM, the conversion of meter 
reading involves moving the decimal point three places because 1 microsecond 


is 10-3 millisecond. Conversely, 1 millisecond is 103 microseconds. For 
example, if the meter measures 1.5 ms, the 340B readout should show 1,500 
microseconds. 


(4) The TS-2669/GCM has automatic phasing capability. That is, in 
measuring envelope delay the operator at the receiving station merely 
presses a SYNC phasing button. When the 340B is used, the operator must 
manually phase his set to the incoming line signal. 


2-2. Amplitude-Frequency Response. One factor that can degrade signal 
quality in a voice circuit is the unequal attenuation of different 
frequencies. In a nonloaded cable, for example, the high frequencies are 
attenuated more than the lower ones. This variation in loss across the band 
of interest can be compensated for by equalizing. The equalizing process 
consists of inserting into the circuit additional loss which varies with 
frequency in exact opposite relationship to the line loss. Sufficient loss 
is added at each frequency to bring the frequency response across the band 
within a specified limit. However, before any equalization adjustments are 
made, the technician must determine the characteristics of the unequalized 
circuit at all frequencies specified, and plot the results on graph paper. 
After analyzing the graphed results and comparing them with the parameter 
dictated by the Telecommunications Service Order (TSO), the technician 
decides whether the circuit must be equalized. If the telephone line meets 
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parameter requirements, the technician takes no further action. If the line 
does not meet parameter requirements, the technician applies only that 
amount of equalization needed to bring the line within parameters. To go 
beyond these requirements wastes time, effort, and money. The principal 
equipment that is used to make the amplitude-frequency response test is 
included as part of Telephone Test Set AN/USM-181 (appendix A, section IV, 
figure 2). The AN/USM-181 consists of the following items: Oscillator Model 
HP 204B, AC Voltmeter Model HP 403B, and Patch Panel Model HP 353A. 


a. Test arrangement. The block diagram shown in figure 2-3 is a 
typical test arrangement for determining frequency response. The test is 
made in each direction of transmission. Each station will record 


measurements on both send and receive sides of the circuit under test. 
However, the test will be controlled by the technician on the receive side 
of the circuit. 


b. Recording of test data. Test data will be recorded on the frequency 
response data sheet, figure 2-4. Analyzed data will be recorded in figure 
3-3, Circuit Parameter Test Report (DD Form 1697). 


c. Performing the test. 


(1) Connect the components of the AN/USM-181 to the circuit under 
test as indicated in figure 2-3. Any signaling SF units must be removed 
from the circuit during the test. 
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STATION A (Sending) 


STATION B (Receiving) 


AC VOLTMETER 
(P/O AN/USM-181) 


Circuit Under Test 


TELEPHONE TEST SET 


AN/USM- 181 


Figure 2-3. Frequency response test, block diagram. 


(2) Output levels from the line are taken relative to the received 
level at 1.0-kHz reference frequency. A separate level reading is taken for 
each of the frequencies listed on the frequency response data sheet (figure 
2-4). 


(3) Establish a standard level at the transmitting end of the circuit 
by placing the MEAS-CAL switch of the patch panel to the CAL position and by 
adjusting the AMPLITUDE control for the oscillator for an output of © dBm at 
1,000 Hz. (In the CAL position the oscillator is connected directly to the 
voltmeter so that the level of the oscillator can be calibrated.) After the 
level is set, return the MEAS-CAL switch back to the MEAS position. Do not 
make any adjustments to the signal level. If the level varies, it can be 
attributed to impedance mismatch between the 600-ohm oscillator output and 
the line under test. Adjust the FREQ control of the oscillator to the first 
frequency indicated on the frequency response data sheet (figure 2-4) 
without making any adjustments to the signal level. If at any selected 
frequency the oscillator output level varies from the level observed at 
1,000 Hz, set the MEAS-CAL switch on the patch panel to CAL and adjust the 
AMPLITUDE control of 
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the oscillator to © dBm at the desired frequency. Then set the MEAS-CAL 
switch to MEAS without making further adjustments. Record the level 
indicated on the voltmeter in the Input level column of the test data sheet. 


NOTE: 


It must be understood that the changes in apparent level 
during this test do not change the validity of the test, 
but indicate an impedance mismatch which may be the cause 
of the frequency response being out of tolerance. The 
terminal impedance test will confirm this. 
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Date 
Reporting Station (Receive Station) 


Sending Station 


Test Equip Used Equip Name & Date Last Rated 
Serial No. MFR Calibrated Accuracy 

Reporting 
Station Ssoaen 
Send Station mee 
Period of Test Begin: End: 

{date time) (date time) 
Test Data: DCS circuit No. DCS circuit Type 


ceva | woe aos ge 
Level From 1000 Hz mitted from 1000 Hz 


AANA 
2 
a 
Fh 
od 


Comments: {Use verse Side if Necessary 


Signature of Tester Command and Telephone Number 


Figure 2-4. Frequency response data sheet, sample. 
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(4) If necessary, amplitude equalizers will be used to bring the 
circuit within the required equalization parameters involved (Si, S3, etc.). 


Example: Assume that a circuit has been assigned parameter S2. 
Parameter S2 allows a limit of -0.5 dB (less loss) to +2 dB 
(more loss) compared with the loss at 1,000 Hz. Assume 
that the normal received test level is -10 dBm at 1,000 Hz, 
and that the received test level at 1.8 kHzZ measures -12 
dBm. Does the circuit meet the parameter requirement at 
1.8 kHz? 


The circuit has 2 dBm more loss at 1.8 kHz than at 1,000 Hz 
(difference between -10 and -12 dBm). The difference in 
level (loss) at 1.8 kHz as compared with 1,000 Hz meets the 
parameter limit. 


Keep in mind that less loss indicates a higher level, and 
that more loss indicates a lower level, as compared with a 
reference. Also, keep in mind that at levels below 0 dBm, 
the higher the absolute value the lower the level. For 
example, -12 dBm represents a lower level than -10 dBm. 


2-3. Equalizing. The two preceding tests determine the envelope delay and 
amplitude-frequency response of the line or facility under investigation. 
After the test results are known, the technician applies the equalizer to 
correct the line's characteristics according to the parameters of the 
specified service. Upon completion of equalizer adjustments, the entire 
equalizer is left in place and becomes part of the circuit as long as that 
Circuit remains active under those specified parameters. A large number of 
equalized circuits, therefore, requires an equally large number of expensive 
line equalizers. The communications planner must carefully weigh the cost 
of equalizing lines against the type of service required. Ordinary voice 
communications circuits require little, if any, equalization. On the other 
hand, telephone circuits which are required to carry data signals will 
usually require equalization. If the flow of data traffic is in only one 
direction, only the line in that direction of transmission need be 
equalized. 


a. Test arrangement. 
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(1) Equalizer used. The standard equalizer used on military 
telephone circuits is Envelope Delay and Amplitude Equalizer CN-1234A/GCC, 
shown in figure 9 of appendix A, section V. The function of this equalizer 
is to provide the inverse characteristics of an unequalized telephone 
circuit. In so doing it compensates for amplitude-frequency distortion and 
envelope-delay distortion. It contains 12 equalizer sections arranged in 
series (cascade). Delays are therefore additive, and the single-stage 
amplifier gains are multiplied. Each section has a FREQUENCY KHZ switch, a 
DELAY control, and an AMPLITUDE control. The FREQUENCY KHZ switch may be 
set to any one of ten discrete frequencies for delay insertion. Delay will 
be longest, and amplitude will be greatest at the frequency selected by a 
given equalizer section. Thus, the DELAY and AMPLITUDE controls have their 
greatest effect at the frequency selected by the FREQUENCY KHZ control. 


(2) Block diagram. The equalizer is connected into the circuit along 
with the distortion measuring test sets as shown in figure 2-5. Either the 
TS-2669/GCM or the 340B can be used for this test. The technician can 
choose the test method, either end-to-end, or end-to-end with reference 
return. 


Station A Station B 


TS-2669/GCM 


TS-2669/GCM 


Y RECEIVER 


Transmission Line 


334-3-5 

Figure 2-5. Line equalization, block diagram. 
b. Recording of test data. Recording of test data is not a formal 
matter at this point because we are not interested in determining 
characteristics of the _ line. We are interested in correcting these 


characteristics to modify them to parameter requirements. From the previous 
tests we know the maximum and minimum values of envelope delay and of loss. 
Our purpose in performing the equalizing procedure is to minimize these 
effects across the spectrum of interest. However, to perform the procedure 
efficiently, the technician should plot an amplitude-frequency response 
Curve, as 
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well as an envelope-delay characteristic curve from readings obtained in the 
two preceding tests. This provides him with a visual aid to guide him in 
his work. 


c. Correcting delay distortion. 


(1) Adjust FREQUENCY KHZ controls so that the delay inserted by the 
CN-1234A/GCC is greatest where the telephone line has the least delay. The 
initial settings depend upon the maximum delay time determined by analysis 
of the delay characteristic curve. The settings are afterward varied, 
depending on the particular telephone line characteristics. 


(a) When maximum initial delay is 3 ms or less, the FREQUENCY KHZ 
controls are adjusted to one set of values. 


(b) When maximum initial delay is between 4 and 7 ms, _ these 
controls are adjusted to a different set of values. A line having greater 
than 7 ms delays should not be used for data. 


(c) When maximum initial delay is between 3 and 4 ms, _ these 
controls are varied slightly to establish the best set of operating 
conditions. 


(d) Recommended FREQUENCY KHZ control setting are given below. 


Equalizer Sections 


Delay time 


More than 4 ms 
but less than 
7ms 


(2) Using the receiving TS-2669/GCM to monitor delay, increase the 
amount of delay in the equalizer at the midband frequencies to equal the 
delay at the ends of the frequency band. Remember that the basic intent for 
delay equalization is not to eliminate delay, but rather to minimize the 
variation in delay across the band of interest. 


(3) Keeping the modulation rate constant, adjust the TS-2669/GCM 
carrier frequency to match the FREQUENCY KHZ 
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control settings of each of the equalizer sections. Use the FREQUENCY 
readout of the TS-2669/GCM for selection of carrier frequency. Adjust the 
DELAY control of each corresponding equalizer section so that the delays at 
all the selected carrier frequencies are approximately equal as read on the 
DELAY meter. Maximum and minimum expected delays for the various equalizer 
sections are shown in figure 2-6. 


@AXIMUM DELAY 


DELAY~ MILLISECONDS 
Ld 


Minimum DELAY 


° o2 o4€ os os 190 12 14 16 is 2.0 z2 24 28 28 30 32 34 
Frequency switch ositions 


Figure 2-6. Typical delay characteristics of individual sections. 


(4) Further fine adjustment of each section may be required since 
there may be a slight interaction of delay at adjacent frequencies. After 
adjustments are completed, calculate envelope-delay-distortion. 


(5) When the 340B is used for this test, the FREQUENCY kHz readout 
shows the carrier frequency, while the DELAY USEC readout indicates the 
delay. 


(6) The circuit conditioner will find that the variation in delay 
allowed by the envelope-delay-distortion parameter is less between certain 
stated frequencies in the band of interest than at other frequencies. His 
work in this area of minimum variation must be performed with greater 
precision because he is allowed less margin. He must look carefully at the 
stated parameter to determine the frequency band across which his work will 
be the most critical. 
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d. Correcting amplitude distortion. 


(1) Analyze the amplitude-frequency response curve, and compare the 
results with the parameters for the type of service required. If all 
amplitude variations are within requirements, make no further adjustments. 
Normally, satisfactory completion of delay equalization will likewise 
produce satisfactory amplitude-frequency equalization. Although amplitude- 
frequency equalization takes less time to perform than delay equalization, 
the technician will most likely save time by first performing delay 
equalization. 


(2) In the event amplitude compensation is necessary, make sure the 
carrier level at each selected test frequency is uniform before proceeding 
further. Adjust the AMPLITUDE control of the equalizer sections to bring 
the sections within the calculated loss limits of the parameter. 


(3) A repeat adjustment of some sections may be necessary because 
there may be a slight interaction of loss at adjacent frequencies. The 
Circuit conditioner's work has to be most accurate in the area of minimum 
permissible variation within the specified parameter. It is in this area 
that his work is more critical in providing the desired results than at 
other frequencies within the band of interest. Toward this end, he must 
examine the loss variations permitted by the parameter to determine the most 
Critical area before he begins amplitude-frequency equalization. 


(4) Recheck delay at all test frequencies, and make necessary 
changes. If there is an interaction of controls that prevents any section 
from reaching the required parameters on either delay or amplitude 
frequency, make the final adjustment to satisfy the delay parameter. Delay 
is a more difficult parameter to achieve than amplitude frequency, and the 
more important of the two where data transmission is involved. 
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STUDY EXERCISES 


In each of the following exercises, select the ONE answer that BEST 


completes the statement or answers the question. 


1. 


The preferred method for making envelope-delay-distortion test is the 
end-to-end with reference-return because this method 


a. is independent of the frequency used. 

b. eliminates the delay in the auxiliary line. 

om allows the use of a low-quality auxiliary line. 

d. permits the transmitting operator to take all meter readings. 


What telephone lines, in addition to the line under test, are used in 
performing the envelope-delay-distortion measurements by the end-to- 
end with reference-return method? 


a. Two order wires and one auxiliary line 
b. Two auxiliary lines and two order wires 
Cc. One auxiliary line and one voice order wire 
d. One voice order wire and two auxiliary lines 


The receiving TS-2669/GCM compares two modulation envelopes’ to 
determine delay time. The comparison is made between modulation 
envelopes developed from 


a. the received line signal and a locally generated carrier in the 
receiving test set. 


b. two received line signals, one traveling the line under test and 
the other traveling the auxiliary line. 


Cx two carrier frequencies developed and modulated by_ the 
transmitting test set. 


d. the received line signal together with the auxiliary line signal 
returning to the receiving set by way of the line under test. 
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4. Part of the circuit preparation for the envelope-delay-distortion test 
specifies that the equalizers must be strapped out of circuits. This 
procedure is necessary because equalizers 


a. cause loss of signal in the operator's order wire. 
b. generate test signals that may interfere with readings. 
Cc. may introduce delays that interfere with test accuracy. 
d. might be damaged by the high signal levels used in the test. 
5. The modulating frequencies used by the TS-2669/GCM in making envelope- 


delay-distortion measurements are generated within the test set. The 
modulation frequency most often chosen to make the test in 83-1/3 Hz 
because this frequency provides the 


a. strongest of the three signals. 

b. lowest modulating frequency in the group. 

Cc. best compromise between accuracy and stability. 

d. most uniform modulation envelope of the three frequencies. 
SITUATION 

Assume that you are determining envelope-delay distortion on a 
telephone line extending from station A to B. You are the transmitting 
operator at station A. You have selected the end-to-end method, using 
Envelope Delay Distortion Measuring Set TS-2669/GCM. Preliminary circuit 


tests yield the following results: 
Maximum initial line delay = 2.140 ms at 500 Hz 
Minimum initial line delay = 1.860 ms at 2,700 Hz 
The TSO specifies parameter S3, which is illustrated in figure 2-7. 


Relative delays (before equalization) or envelope delays (after 
equalization) are as follows: 
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Parameter 


limits from Parameter 
Frequency reference variation 
range (kHz) delay of delay (ms) 
0.5 to 0.6 +0. 300 0.600 
0.6 to 1.0 40.150 0.300 
1.0 to 2.6 +0.050 0.100 
2.6 to 2.8 t0.300 0.600 


Exercises 6 through 9 are based on the above situation. 


How many TS-2669/GCM's will you need to perform this test? 


a. 


b. 


One set is needed since the wire is looped back at station B. 


Two sets are required, because the set at station B is receiving 


while the set at station A is sending. 


Three sets are needed, because a second set at station B is 


needed to return the delayed signal. 


Four sets must be used, one set for 
transmitting at each end of the circuit. 
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receiving and one for 


DELAY (MS) 


+0.300 


-0.300 


0.5 0.6 1.0 2.6 2.8 
FREQUENCY (kHz) 


NOTE: The average, after equalization, will be nearly equal to 
the longest measured delay. 


Figure 2-7. Graph of delay limits in parameter S3. 


Prior to making the test for initial line delays, you will have to 
determine that 


a. circuit conditioning equipment has been strapped out of the 
circuit, and the TS-2669/GCM's are frequency calibrated. 


b. the TS-2669/GCM's are frequency calibrated, and an auxiliary line 
has been made available. 


Cc. an auxiliary line has been made available, and the order wire 
circuits are functioning. 


d. the order wire circuit is functioning, and all circuit 
conditioning equipment is installed and working. 
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10. 


Assume that you are asked if equalization is necessary. After making 
the necessary calculations you should reply that equalization is 


a. to be performed only after the relative delays at all frequencies 
have been determined even though primary delays are in tolerance. 


b. not necessary because the relative delays are within parameters 
at the two specified frequencies. 


Cc. necessary because the average delay and reference delay are 
unequal at the two specified frequencies. 


d. necessary because the primary delay exceeds the variation of 
delay for parameter S3. 


The circuit conditioner will find that his determination of envelope- 
delay distortion is more critical at certain frequencies than at 
others. The most critical area (minimum variation) in parameter S3 is 
shown by figure 2-7 to lie between the frequencies of 


a. 0.5 and 0.6 kHz. 
b. 0.6 and 1.0 kHz. 
Cc. 1.0 and 2.6 kHz. 
d. 2.6 and 2.8 kHz. 


Assume that you switch from the end-to-end method to the end-to-end 
with reference return method. The result is that the absolute 
readings you will observe on the DELAY meter of your TS-2669/GCM are 


a. precisely the same in both methods. 

b. less than those in the auxiliary line. 

Cx identical to reference delay calculations. 
d. larger than those in the end-to-end method. 
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11. Either the TS-2669/GCM or the 340B may be used to measure envelope 
delay. One advantage of using the 340B instead of the TS-2669/GCM is 
that the 340B has 
a. automatic phasing capability. 

b. meter readout of delay in milliseconds. 
Cc. digital readout directly in microseconds. 
d. a fixed-frequency carrier for reference return. 

12. When TS-2669/GCM's are used to measure envelope delay in_ the 
reference-return method, the indication of delay can be observed at 
the 
a. receive end only. 

b. transmit end only. 
Cc. midpoint of the line under test. 
d. either the transmit or receive end. 

13. The test equipment used to measure amplitude-vs-frequency distortion 
is 
a. Envelope Delay Distortion Measuring Set TS-2669/GCM. 
b. Envelope Delay and Amplitude Equalizer CN-1234A/GCC. 
Cc. Oscilloscope, Tektronix Type 561A. 
a Telephone Test Set AN/USM-181. 

SITUATION 


Assume that you are determining the amplitude-frequency response of a 


telephone line as specified under parameter S3. You are transmitting the 
test tones specified in figure 2-4 from station A and they are received at 
station B. Observed levels at station B are as follows: 


Maximum level = -9.5 dBm at 0.3 kHz 
Minimum level = -13 dBm at 2.9 kHz 


1,000 Hz (1.0 kHz) level = -12 dBm 
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Parameter S3 is shown graphically in figure 2-8. This parameter permits 
loss variation as follows: 


Frequency Parameter Parameter 
range (kHz) loss limits loss variation 
0.3 to 0.5 -1 and +3 4 

0.5 to 2.8 -@.5 and +1.5 2 

2.8 to 3.0 -1 and +3 4 


Exercises 14 through 16 are based on the above situation. 


+3.0 
UPPER PARAMETER 
pay +2.0 LIMIT (MORE LOSS) 
rat 
Ge +1.5 ° / 
2 7 41-0 ; yi 
=< SHADED AREA IS WITHIN PARAMETER 
23 0 ao : 
Ae 19 LOWER PARAMETER __? 


LIMIT (LESS LOSS) 


0.3 0.5 1.0 2.8 3.0 


FREQUENCY (kHz) 


Figure 2-8. Graph of loss variation in parameter S3. 
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14. 


15. 


16. 


Assume that the measured level at 2.0 kHz is -10 dBm. You can 
conclude from this reading that amplitude-frequency equalization is 


a. 


b. 


not necessary since the level variation is within limits. 


not necessary because the line loss is within limits of 
parameters. 


necessary because the level at this frequency is greater than at 
1.0 kHz. 


necessary because the loss exceeds the parameter limits at this 
frequency. 


The experienced circuit conditioner will study the parameter limits 
before he attempts amplitude-frequency equalization to find the most 
critical area (minimum variation) of the parameter. The most critical 
area in parameter S3 for amplitude-frequency equalization is shown in 
figure 3-8 to lie between the frequencies of 


a. 


b. 


Cc. 


d. 


0.3 and 0.5 kHz. 
0.5 and 2.8 kHz. 
1.0 and 2.8 kHz. 


2.8 and 3.0 kHz. 


Assume that the output level of a calibrated oscillator varies after 
it is connected to the line. This is an indication that the 


a. 


b. 


voltmeter is in the CAL position. 
output level is set at the wrong value. 
wrong frequency is being used for the test. 


line impedance does not match the oscillator output impedance. 
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SITUATION 


Assume that you are conditioning a telephone circuit, 


Delay and Amplitude Equalizer CN-1234A/GCC. 
based on the above situation. 


using Envelope 
Exercises 17 through 19 are 


17. Two circuit impairments which the equalizer compensates for are 


a. crosstalk and envelope delay. 

b. terminal impedance and crosstalk. 

om envelope-delay and amplitude-frequency distortion. 

d. amplitude-frequency distortion and terminal impedance. 


18. After you have completed the equalization process, you are expected to 


a. remove the unused equalizer sections for use elsewhere. 

b. leave the entire equalizer connected to the circuit permanently. 

Cc. remove the equalizer and substitute equivalent values. of 
reactance. 

d. restore all equalizer controls to zero in _ preparation’ for 


subsequent operations. 


19. When the technician adjusts’ DELAY, 
controls of the combination equalizer, 


in the critical parameter areas. 


AMPLITUDE, and 
he may notice that adjustment 
of one affects the adjustment of the other. 
Comparing the parameters shown in 


FREQUENCY KHZ 


This is most noticeable 


figures 2-7 and 2-8, the technician can expect most interaction in the 


frequency ranges from 


a. 0.5 to 0.6 kHz. 
b. ©.6 to 1.0 kHz. 
Cc. 1.0 to 2.6 kHz. 
d. 2.6 to 2.8 kHz. 
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20. 


The basic purpose for equalizing delay is to 


a. 


b. 


magnify the sum of delays at random test frequencies. 


return the circuit to zero delay for data transmission. 


minimize the difference in delay in the band of interest. 


improve the quality of voice communication 
effect of delay distortion. 
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by canceling the 


LESSON 3 


RECORD KEEPING 


SCOPE disci. 5 fete beige aed aS ae ioe eh aie dk ce Need for records in technical control 
centers; responsibilities of, and 
relationships between, technical 


controllers and circuit conditioners 
in maintaining accurate records. 


CREDIT “HOURS? ii: do fed Sa Pa eee ee 1 

TEXT ASSIGNMENT ..... 0c eee eee eee Attached Memorandum, para 3-1 thru 
3-5. 

MATERIALS REQUIRED ...... cee eee eens None 

SUGGESTIONS ..... cee es None 


LESSON OBJECTIVES 
When you have completed this lesson you should: 


1. Know that the Telecommunications Service Order is the basic document 
for technical controller and circuit conditioner operations. 


2. Know that efficiency of technical control and station operations will 
depend to a large extent on the adequacy of records and reports. 


3. Be able to recognize and interpret a Command Communications Service 
Designator. 

4. Be able to recognize and interpret a TSO identifying number. 

5% Be able to demonstrate how records are arranged in a circuit history 
file. 

6. Be able to identify technical parameters from test description 
numbers. 
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ATTACHED MEMORANDUM 


3-1. General. The functions of a technical controller and a circuit 
conditioner are very closely related. In fact, most small-sized stations 
use one person to do the work. In larger stations, where the functions can 
be assigned to two different persons, many of their tasks are parallel. 


a. Records access. Both the technical controller and the circuit 
conditioner keep records. Where the operational functions are separated, 
the circuit conditioner must have access to records kept by himself as well 
as those kept by the technical controller. The technical controller need 
not have access to the circuit conditioner's records except as they affect 
operations of the technical control area. However, for efficient operation 
and maintenance of a technical control center, both technicians should be 
acquainted with all records in the station, together with detailed knowledge 
of the records he is directly associated with. 


b. Records maintenance. Not only must each technician be aware of the 
records which bear on his tasks, he must also make entries correctly, update 
all entries, and discard old material. It is easy to see that there must be 
complete agreement among the various people doing similar work in a 
technical control center as to how the records are to be maintained. 
Failure to establish this working’ relationship and to_- delineate 
responsibility in this regard invites operational problems. 


3-2. Record Filing System. 


a. Purpose. Records always provide after-the-fact information; seldom 
do they help in immediate actions in response to an emergency. Emergency 
actions are based on the station SOP. Generally, record preparation has 
three major purposes: 


(1) To maintain adequate and accurate information for operating and 
maintenance personnel. 


(2) To appraise operating officials as to station readiness and 
efficiency of operation, and to provide a basis for support where support is 
needed. 


(3) To provide a method for keeping station historical information. 
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b. Practical value of records. Records are the only means operating 
personnel have for maintaining information on past events. Without records 
they cannot know past operating and maintenance experience. Further, 
without the experience data, circuit engineers lose a great deal of time in 
planning for circuit changes to accommodate variations in traffic patterns. 


c. Types of records. Records are usually standardized according to 
instructions from the DCA, and are maintained according to DCAC 310-70-1. 
However, variation is permitted so as to give flexibility to the operation. 
An example of an approved filing system for use in a technical control 
facility follows. 


(1) Circuit history file (figure 3-1). An individual manila folder 
is maintained on each circuit passing through the particular technical 
control facility. An eight-character identifier known as_ the Command 
Communications Service Designator (CCSD) shows the military department to 
whom the service is being provided, the network to which the circuit 


belongs, the type of service provided, and the circuit number. DCA 
publications carry a long list of letters and their assigned meanings as 
used in the CCSD's. The circuit conditioner should refer to _ those 


publications for precise definitions. An example of a CCSD number is DUAC- 
A®@12. When this number is dissected, it yields the following information. 


D - This circuit is assigned to serve an agency in the Department of 
Defense. 


UA - These letters identify the circuit as common user. 
C - It is a teletypewriter circuit having maximum speed of 100 WPM. 


A@i2 - This is the circuit identifier that appears as a _ cross- 
reference in the Telecommunications Service Order (TSO). The zero is 
made thus (@) to avoid possible confusion with the letter O. 


(a) The area DCA control office designates one technical control 
center to completely coordinate and supervise a selected circuit from end to 
end. The DCA also designates an identifying color for that control center 
to be displayed on the top edge of each file folder in every technical 
control center through which the circuit passes. Further, each such folder 
is filed alphanumerically by the last four characters of the CCSD. The 
folder within the responsible 
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technical control center will show a complete chronological history of that 
circuit, and will contain a copy of every required document pertinent to the 
circuit. Subordinate signal centers are also required to maintain similarly 
identified file folders on the circuit, but these folders will display only 
those documents that relate to the local portions of the circuit. 


(b) The right side of the folder in the responsible technical 
control center will be the activation side and will contain copies of each 
TSO issued on the circuit. Filed on the top edge of the TSO will be the 
status card and the DCA 310-55-1 reports pertaining to that circuit as 
directed by the control office. The circuit data card will be mounted on 
the bottom half of the folder, as shown. 


(c) Both the circuit data cards and the TSO's will be filed 
chronologically so as to provide a clear history of the circuit. The left 
side of the folder is the circuit history side and contains copies of 
miscellaneous correspondence pertaining to the circuit, including a copy of 
the Circuit Parameter Test Report. 


(d) If DCA designates an alternate coordinating center, duplicate 
records must be maintained in both the primary and alternate centers. The 
file on the circuit in each subordinate center will contain those documents 
directed by DCA, as well as documents distributed to subordinate centers by 
the coordinating center. In other words, the coordinating center designated 
by DCA will have a complete file on the circuit, while each subordinate 
center will have a partial file on it, with all related files being 
similarly color keyed. 


(2) Equipment utilization records. These records reflect the status 
of each item of circuit conditioning equipment used by the technical control 


center in which the records are kept. Equipment utilization records are 
maintained in a hard-bound record book and reflect utilization by sequence 
number. A sample blank page in the record book is shown in figure 3-2, 


which applies to ringdown converters. A separate form is kept for each item 
of equipment. Note that this form establishes responsibility for each item 
installed in the circuit. Information from this report aids the circuit 
conditioner to identify the function of each installed item in the racks 
containing circuit conditioning equipment, and relates each item to the CCSD 
number. For purpose of this report, circuit conditioning equipment includes 
SF units, ringdown converts, pads, amplifiers, equalizers, hybrids, 2- and 
4-wire jacks, and dial extenders. 
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EQUIPMENT UTILIZATION RECORD 


Type Equipment Ringown Converters 


NR CCSD AUTH NR_| CCSD AUTE 
(es aan naRACN! SE AE 
(i (aac er) Da 
ae: (aes He ae 


Figure 3-2. Equipment utilization record, sample. 


d. Variety. A large variety of records and reports are needed in 
controlling the activities at a large communications center because of the 
quantities and complexities of circuits passing through them. Space in this 
lesson does not permit illustrating each type of record and report; a 
selected few of the more important ones will be shown here. All types are 
illustrated in the applicable DCA publications to which station personnel 
should refer when the need arises. 


3-3. DCA Reporting System. Most reporting by technical controllers to the 
supervising DCA control office is accomplished by means of teletypewriter 
communications. This method of reporting has several advantages; reporting 
is fast, accurate, and timely; information is always 


fe] 


1 


legible, and it is acceptable for storage and retrieval by computers. 
However, to realize these advantages one technical controller must be 
assigned the additional duty of sending the teletypewriter messages. This 
means that full use cannot be made of this controller during operational 
periods. In addition, he must be trained in techniques of teletypewriter 
Operation and in the specialized message format needed by the system. At 
least two technical controllers must therefore be assigned during each duty 
period. Samples of messages used for reporting appear in the description of 
procedures in DCAC 310-55-1. 


a. There are two basic types of reports for which the’ technical 
controller is responsible for preparing and submitting to the Defense 
Communications Agency (DCA). The first being the nonformatted report (near 
real time) and the second being the periodic report. 


b. A _nonformatted report is a narrative report of Defense 
Communications System (DCS) status. This report will be submitted as soon 


as possible after a reportable event occurs. Nonformatted reports are 
submitted when a major outage occurs within the technical control facility 
such as; station outage or isolation for one minute or longer, link or trunk 
outage ten minutes or longer, a special interest circuit outage ten minutes 
or longer, and hazardous conditions which affect DCS stations and links when 
the condition exists for 30 minutes or longer. 


c. In contrast, the periodic report is a formatted report submitted at 
the end of each Radio Day (RADAY). This report contains all information 
previously submitted on all nonformatted reports. In addition all circuit 
outages reportable to include circuits remaining out since previous RADAYS. 
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3-4. Telecommunications Service Order. The TSO is basic to all operations 
in a technical control center, including those performed by technical 
controllers and circuit conditioners. It is the authorization to activate, 
change, or deactivate circuits or trunks. It is also the authority to amend 
previously issued TSO's and to effect administrative changes. The TSO is 
normally sent over the reporting teletypewriter circuit to all stations 
supervised by the DCA control office. In this way, all stations involved 
with the circuit receive identical information. The TSO is a lengthy 
document that describes in great detail all activities regarding a 
particular circuit. 


a. Numbering. Each circuit or trunk action carries a separate TSO 
number. The following is a sample TSO number: D912349A912-94. When this 
TSO number is dissected, it yields the following information. 


D - This TSO was issued by DCA headquarters. 

9 - It was issued in 1969. 

1234 - It was the 1,234th TSO issued by that office. 

/ - The diagonal separates information groups. 

A®@12 - The TSO pertains largely to CCSD circuit Ag1i2. 

-@4 - This TSO is the 4th action taken on circuit number A@12. 

b. Administrative information. Administrative information is required 
to serve as a guideline in establishing the circuit. Included are important 
items, such as the CCSD identification number, restoration priority, type of 
action (start, change, or discontinue), and service date (day, time, month, 
and year). Also included are geographical locations, control office 
identification, security equipment nomenclature, and service availability 


(full period, on-call, etc). Further, the TSO cites approval authority and 
directory responsibility. 
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c. Technical information. Technical information furnished by a TSO 
includes the DCS technical schedule parameter code (V1, Si, N1, etc.), and 
the type of operations (half-duplex, full-duplex, etc.), together with 


modulation rate and signaling mode (dial, ringdown, etc.). The TSO also 
identifies the facilities to be used, including equipment, trunk, and 
channel information. The TSO further states outgoing and incoming test 


levels, traffic or operating signal level in relation to the test tone level 
(for example -18 dBmO), and it directs the testing procedures to be used in 
accordance with DCAC 310-70-1. Related information is also included, such 
as special AUTODIN, AUTOVON, or AUTOSEVOCOM technical data. 


3-5. Quality Control. 


a. Quality control tests. Quality control is a very important part of 
the duties performed by technical controllers and circuit conditioners. 
Tests are performed on a routine schedule, some daily, some weekly, still 
others monthly or quarterly. Results of these routine tests are made part 
of the circuit history file. Notice that some of the tests can be performed 
while the circuit is in service, while others require the circuit to be 
removed from service. Coordination among technical controllers is essential 
in maintaining an unbroken flow of traffic during test periods. Technical 
controllers usually schedule the test during periods of lightest traffic 
flow. If a circuit carries a continuous flow of traffic, or if it carries 
high-priority traffic, the technical controllers arrange to substitute other 
facilities during the test period. Table I lists the various tests and 
their frequency. 
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CIRCUIT QUALITY CONTROL TEST SCHEDULE 


(EXTRACT FROM DCAC 310-70-1, VOL II, CHAP 5) 


TABLE I. 
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b. Parameter information. Table I does not identify the parameters 
that apply during each test. Parameter information for each circuit is 
obtained from the TSO in the circuit history file. Results of the tests 
performed are entered on the Circuit Parameter Test Report (DD Form 1697) 
illustrated in figure 3-3. One copy is routinely filed in the circuit 
history file. When a circuit is activated or reengineered to another 
parameter, a second copy is forwarded to the DCA control office. 


c. Test description identifiers. An identifying number that cross- 
references to the specific tests performed under selected parameters is 
entered in the first column of DD Form 1697. A list of these numbers and 
tests appears in table II. Each number includes an identifier (TD) followed 
by a sequential number, followed in turn by a service indicator. 


Example 1: TD 2 NB 
TD - Test description identifier 
2 - Second in the series 
NB - Narrowband series 

Example 2: TD 5 WB 
TD - Test description identifier 
5 - Fifth in the series 
WB - Wideband series 


d. Inspections. A part of quality control is a far-ranging inspection 
activity wherein all aspects of station operation are investigated. An 
important part of the inspection is a minute examination of the station 
papers, with emphasis on completeness of files and the DCA _ technical 
library. 
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Figure 3-3. Circuit Parameter Test Report, Sample. 


87 


TABLE II 


INDEX OF TEST DESCRIPTION 


Narrowband Voice and Data Facilities (to 4 kHz) 


TD 1 NB Frequency Response (Insertion Loss) 
Codes S1, S2, $3, V1, V2, D1, and D2 


TD 2 NB Envelope-Delay Distortion 
Codes S1, S2, S3, D1, and D2 


TD 3 NB Maximum Net Loss Variation 
Codes S1, S2, $3, V1, V2, D1, and D2 


TD 4 NB Maximum Change in Audio Frequency 
Codes S1, S2, S3, V1, V2, D1, and D2 


TD 5 NB Minimum Longitudinal Balance 
Codes S1, S2, $3, V1, V2, D1, and D2 


TD 6 NB Maximum Allowable Channel Noise (Idle Channel Noise) 
(Codes S1, S2, S3, V1, V2, D1, and D2 


TD 7 NB Maximum Single-Tone Interference 
Codes S1, S2, V1, V2, Di, and D2 


TD 8 NB Impulse Noise 
Codes S1, S2, S3, D1, and D2 


TD 9 NB Terminal Impedance 
Codes S1, S2, S3, V1, V2, D1 and D2 


TD 10 NB Composite Data Transmission Level 
Codes S1, S2, S3, V1, D1 and D2 


TD 11 NB Harmonic Distortion 
Codes S1, S2, $3, V1, V2, D1, and D2 


TD 12 NB Phase Jitter 
Codes S1, S2, S3, D1, and D2 


Direct-Current Telegraph Facilities 


TD 1T Maximum Total Peak Telegraph Distortion 
Maximum Mark or Space Bias Distortion 
Codes N1, N2, and N3 
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TABLE II. INDEX OF TEST DESCRIPTION (Continued) 


Wideband Facilities (to 50 kHz) 


The following test procedures will be published as changes are 
developed: 


TD 1 WB Insertion Loss 
Codes Z1, Z2, Z3, and Z4 


Wideband Facilities (to 50 kHz) 


TD 2 WB Delay Characteristics 
Codes Z1, Z2, Z3, and Z4 


TD 3 WB Maximum Loss Variation 
Codes Z1, Z2, Z3, and Z4 


TD 4 WB Noise Characteristics 
Codes Z1, Z2, Z3, and Z4 


TD 5 WB Impulse Noise 
Codes Z1, Z2, Z3, and Z4 


TD 6 WB Impedance 
Codes Z1, Z2, Z3, and Z4 


TD 7 WB Jitter 
Codes Z1, Z2, Z3, and Z4 


TD 8 WB Error Rate 
Codes Z1, Z2, Z3, and Z4 


SIGNALING TESTS 


TD 1s Installation SF Signaling Tests on Interswitch 
Trunks and SF or DX Signaling Tests on PBX 
Subscriber Access Lines 


TD 2S Installation Signaling Tests on Complete 4-Wire 
Subscriber Access Lines: DX or SF Signaling 
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STUDY EXERCISES 


In each of the following exercises, select the ONE answer that BEST 


completes the statement or answers the questions. 


1. 


Operational problems are created in a_— station when technical 
controllers and circuit conditioners work independently and fail to 
agree on how to jointly use and supervise their records. What part 
does each technician play in this picture? 


a. The circuit conditioner refers to records kept by the technical 
controller. 
b. The technical controller makes entries in the circuit 


conditioner's records. 


om The circuit conditioner extracts old material from his files and 
stores it for future reference. 


d. The technical controller discards all old circuit conditioning 
files. 


Three major purposes for preparing records are to provide 


a. accurate information for operators, a basis for support, and 
historical information. 


b. a basis for support, historical information and immediate routing 
procedures. 
Cc. Historical information, immediate routing’ procedures, and 


accurate information for operators. 


d. Immediate routing procedures, accurate information for operators, 
and a basis for support. 
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Both the left and right sides of the circuit history file are used for 
record keeping. The left side of the folder will contain the 


a. miscellaneous correspondence concerning the circuit. 
b. reports listed in DCAC 310-55-1. 

Cc. telecommunications service order. 

d. circuit data card. 


Before you can select circuit conditioning equipment for use, you must 
determine if it is already being used in another circuit. You will 
find this information by inspecting the 


a. technical service order in a hard-bound record book. 

b. equipment utilization record in the circuit history file. 

Cc. technical service order in the circuit history file folder. 

d. eee utilization record filed within a hard-bound record 
ook. 


Most reporting by technical controllers to their local DCA control 
office is normally accomplished by means of 


a. routine mail. 

b. hand-carried documents. 

Cc. telephone conversation. 

d. teletypewriter communications. 
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One characteristic of the near real time report is that it is 
transmitted 

a. immediately. 

b. every 4 hours. 

Cc. upon receipt of the TSO. 

d. at the end of each radio day. 


Assume that you have completed your task of conditioning a circuit. 


Which 


report to the DCA control office will carry a cross-reference to 


the Circuit Parameter Test Report? 


a. 


b. 


Periodic report 

Circuit data report 

End-of-shift report 

Near real time report 

of many items included in a TSO are 

restoration priority, parameter code, and signal levels. 

control office identification, signaling mode, and cost analysis. 


service availability, channel information, and personnel 
assignments. 


security equipment nomenclature, approval authority, and command 
channels. 


It is essential for technical controllers to cooperate during quality 
control test periods in order to 


a. 


b. 


make sure they are both working on ends of the same circuit. 
remove the equalizers during the checks of lines. 
make maximum use of digital test equipment. 


provide an unbroken flow of traffic. 


92 


10. Column headings in table I show those quality control tests that may 
be run while circuits are in service. The only telephone tests that 
may be performed daily without removing circuits from service are the 
a. noise and signal level tests. 

b. Signal level and listen tests. 
Cc. listen and current level tests. 
d. signal level and peak distortion tests. 

11. DD Form 1697 (figure 3-3) shows test descriptions for narrowband 
service. The corresponding TD in table II that does NOT specify 
parameter V1 is 
a. TD 1 NB. 

b. TD 2 NB. 

Cc. TD 3 NB. 

d. TD 4 NB. 
SITUATION 


Assume that you are preparing to condition a circuit which bears a 


CCSD number of DUAC-T116 and a TSO number of D91357/T116-@07. 


12. 


Exercises 12 through 15 are based on the above situation. 


What does the first letter in the CCSD signify? 


a. This circuit originates in Denmark. 

b. The normal mode of transmission is duplex. 

Ci The circuit is assigned to the Department of Defense. 

d. Equipment in this circuit is designed to pass high-speed data 
signals. 
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13. 


14. 


15. 


The CCSD number indicates that the circuit is intended to pass 100-WPM 
teletypewriter signals. The letter that identifies this type of 
operation is 

a. A. Cc. T. 

b. Ci di. U. 


The historical file folder you will look for has a number on the top 
edge of it. That number should be 


a. 1357. om D9135. 
b. 7116. d. 116-07. 
What information does this TSO number give? 


a. This TSO is the 1,357th issued by DCA headquarters in 1969 and is 
the seventh action under the CCSD number of 1116. 


b. This TSO is the 1,357th issued by Department of Defense in 1969 
concerning the seventh trunk to serve circuit 1116. 


Cc. This TSO is number 91,357 in the series since activation of DCA, 
and concerns the seventh action of DCA circuit number 1T116. 


d. This TSO is referred to document 91,357 and concerns the seventh 
DCA circuit that terminates in tactical circuit number 116. 


A REMINDER 


You will need the text materials to complete the examination of this 


subcourse. Therefore-keep all texts until the School notifies you that you 


have successfully completed the subcourse. 
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LESSON 1 
SOLUTION SHEET 


All references are to the Attached Memorandum, unless otherwise indicated. 


1. a--para 1i-la 

2. C--para 1-2a 

3. c--para 1-1c(2) 

4. b--para 1-2c(4); IB 3321, figure 4 
5. a--para 1-2c(4) 

6. b--para 1-1c(4) 


S+N = -4 dBm 
N = +46 dBrn = -90 + 46 = -44 dBm 


S+N/N = the difference between -4 and -44 dBm 


= 4O cB. 
1% a--para 1-3c(4) 
8. d--para 1-3b 


The 700-Hz test tone is transmitted at a level (-10 dBmO) that is 10 
dB below the normal signal level at the TLP (-12 dBm). 


-12 dBm -10 dB = -22 dBm. 


9. d--para 1-3c(3); Appendix A, figure 17 


All concerned will be careful that neither this solution nor 
information concerning it comes into the possession of students or 
prospective students who have not completed the work to which it pertains. 
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10. a--para 1-3b 

Maximum permitted relative level is 40 dB below normal level at the 
TLP (-15 dBm). This means the harmonic level must be no greater than -55 
dBm to satisfy the harmonic requirement of parameter S3. The measured level 
of second harmonic energy is -42 dBm, which exceeds the tolerance by 13 GB. 
The relative level of harmonic energy is -27 dBmO (27 dB below TLP). 
11. b--para 1-4 

Second harmonic of 1,000 Hz is 2,000 Hz. 

2,000 - 1,125 = 875 Hz 
12.  d--para 1-5a 
13. b--para 1-6c(7) 
14. c--para 1-7c(2)(f), B of figure 2-12 
15. c--para 1-7c(1)(f) 
16 a--para 1-7 


17. b--para 1-7c(1)(e) 


rah 
600 
1.63 
600 (395-1. cite) 


Input circuit terminal impedance 


it 
rs 
Oo 
9 
Ff 
: 


18. a-para 1-7c(1)(f), (2)(f) 
19. a--para 1-8 
20. b--para 1-7c(1)(b), 2-8c(1)(b) 

The oscillator output voltage is adjusted to © dBmO, which is another 
way of saying that the oscillator output signal will equal the normal level 
of the signal at the point of test. 

21. b--para 1-8c(1)(b) 


22. d--para 1-8c(1)(c) 
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23. d--para 1-8c(2)(d) 


Balance = 20 log,9 0.775 
0.002 


= 20 log 388 = 20 x 2.588 = 52 GB. 
24. d--para 1-9, figure 2-17 
25. a--para 1-9c(4) 


9 grid divisions = 360°, 1 division = 20. 1 grid division = 40°. 
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LESSON 2 
SOLUTION SHEET 


All references are to the Attached Memorandum. 


1. d--para 2-la, d 

2 C--para 2-1d(1), figure 2-1 
3. a--para 2-1c(3) 

4. c--para 2-1c(1) 

5. C--para 2-1c(2) 

6. b--para 2-1a, figure 2-1 

7. a--para 2-1c(1), (7) 

8. a--para 2-1c(4) 


Primary delay = 2.40 - 1860 = 280 ms. Since primary delay variation 
is a maximum of 600 ms, the primary delay indicates that equalization would 
appear to be unnecessary. However, the final decision to equalize can be 
made only after relative delays at all frequencies specified in the S3 
parameter have been made. 


9. C--para 2-3c(6); SITUATION, figure 2-7 

The area of minimum delay variation lies between the frequencies of 
1.0 and 2.6 kHz where the variation is 0.100 ms, or parameter limits are 
+0.050 ms. It is in this area that the work of the circuit conditioner will 
be the most critical. 
10. d--para 2-1d(2) 
11. c--para 2-le(3) 
12. d--para 2-1c(6) 


13. d--para 2-2 


All concerned will be careful that neither this solution nor 
information concerning it comes into the possession of students or 
prospective students who have not completed the work to which it pertains. 
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14. d--para 2-2c(4); SITUATION, figure 2-8 


Since 2.0 kHz lies between the limits of 0.5 and 2.8 kHz, the loss 
cannot exceed -0.5 dB (less loss) nor more than +1.5 dB (more loss) from the 
loss at 1,000 Hz. The level at reference of 1.0 kHz (1000 Hz) is -12 dBm, 
and the level at 2.0 kHz is -10 dBm. Since the level at 2.0 kHz is 2 dB 
higher than at 1.0 kHz, the signal has undergone 2 dB less loss at 2.0 kHz 
than at 1.0 kHz. Since the limit is -0.5 dB less loss, the circuit cannot 
satisfy the parameter and must therefore undergo amplitude-frequency 
equalization. 


15. b--para 2-3d(3); SITUATION, figure 2-8 

The area of minimum variation lies between the frequencies of 0.5 and 
2.8 kHz where the loss limits range between -0.5 dB (less loss) and 1.5 dB 
(more loss). This is the most critical area in amplitude-frequency 
equalization of parameter S3 for the circuit conditioner to satisfy. 
16. d--para 2-2c(3) 
17. c--para 2-3a(1) 
18. b--para 2-3 
19. c--figure 2-7 and 2-8 


20. c--para 2-3c(2) 
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LESSON 3 
SOLUTION SHEET 


All references are to the Attached Memorandum. 


1. a--para 
2. a--para 
3. a--para 
4. d--para 
5. d--para 
6. a--para 
ve Cc--para 
8. a--para 
9. d--para 


10. d--para 
11. b--para 
12. c--para 
13. b--para 


14. b--para 


3-1a, b 
3-2a 
3-2c(1)(c) 
3-2c(2) 
3-3 

3-3a 

3-3C 

3-4 

3-5a 


3-5, table I 


3-5c, figure 3-3, 


3-2c(1) 
3-2c(1) 


3-2c(1)(a) 


15. a-para 3-4a 


All concerned 


information 


concerning 


will 


it 


table II 


be careful 


comes 


into 


that 
the 


neither this 


possession 


of 


solution 
students 


nor 
or 


prospective students who have not completed the work to which it pertains. 
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